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The Boeing PAN AIR Technologies code (A502i) is investigated to explore its
suitability for determination of separation forces on ordnance. To this end, A502i is first
assessed by applying it to three problems for which other solutions and experimental data
are available, i.e. steady flow past a rectangular, parabolic arc wing and a delta wing at
both subsonic and supersonic conditions. Good agreement is found in all cases. A502i is
then applied to the GBU-24's being in two configurations for a subsonic case and a
supersonic case. Good agreement is found with data obtained from wind tunnel
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In the past, ballistic trajectory determination for manual or computer predicted
ordnance delivery from an aircraft was determined through measurement of separation
forces on the piece of ordnance via wind tunnel or captive carry measurements. The advent
of panel method codes using linearized potential theory, such as A502i, or its full potential
version TranAir, allow for a cheaper and safer method of predicting separation forces.
Furthermore, A502i allows for any arbitrary configuration to be modelled within the
limitations of the number of panels and networks allowed and excluding transonic flow.
The purpose of this work was to determine the separation forces on a GBU-24
carried by an F-14 on stations 3 or 6 or both. It was also the purpose of this work to
provide an analysis of the code itself to see if it is a viable tool for the study of flow
characteristics over arbitrary wing configurations for use in the Naval Postgraduate
School's (NPS) Department of Aeronautics and Astronautics. The majority of the work
was conducted on the NPS computer systems. The Department of Aeronautics and
Astronautics Silicon Graphics Incorporated (SGI) workstations were utilized for most of
the input files as well as the execution of the code. Due to the amount of disk space
required, storage of the output files took place on the NPS Computer Center's Y-MP EL98
Cray computer. The bulk of the GBU-24 data was calculated using the SGI workstations
at the Naval Air Warfare Center in Warminster.
The scope of this analysis was to understand the capabilities of the A502i code.
The approach was to validate A502i against existing data and linear theory. The code was
run for three different geometries under assorted Mach and AOA conditions. Comparisons
were made for each of the geometries.

II. OVERVIEW OF THE A502i CODE
The A502i code is used to computationally analyze inviscid subsonic or supersonic
flows about arbitrary configurations. The code differs from other panel methods in that it
is a higher order panel method; that is, the singularity strengths are not constant on each
panel. A502i solves the linearized potential flow boundary-value problem at subsonic and
supersonic Mach numbers.
The aerodynamic solution provides surface flow properties (flow directions,
pressures, Mach number), configuration forces and moments, sectional forces and
moments, and pressures. Additionally, A502i calculates flow properties in the flow-field
points and flow-field streamlines. Results are limited to subsonic and supersonic cases
(transonic cases excluded) with attached flow. Results are not usually applicable to cases
where viscous effects and separation are dominant.
A. THEORY
The basic equations describing the flow of a viscous, compressible, heat-
conducting fluid are the Navier-Stokes equations. These are:
(a) The continuity equation,
dp - dp i, a(pVj)
at K ' at ~ ax,
d d d








) is the gradient operator with respect to the location vector
x = (x,,x,,x 3 ), and where the conventional index notation is used instead of x=(x,y,z). In





( b) The conservation of momentum equation,
^(pV.Hl^tpV.V.l^+I^ + pf, 0-1,2,3) (2.2)
where x^ is the deviatoric portion of the stress tensor which vanishes for a frictionless
fluid, F(x,t) is an external body force per unit mass exerted on the fluid, and p(x,t) is the
pressure.
(c) The conservation of energy equation
^(pe+jplVf +pHI^KiW+iplVp+BJV,]
(23)
where e(x,t) is the internal energy of the fluid, k is the coefficient of heat conductivity for
the fluid, and T(x,t) is the temperature.
(d) The equation of state
f(p,p,T)=0 (2.4)
where the function f depends on the type of fluid. The derivations of these equations can
be found in Refs. 1,2 and 3.
The Navier-Stokes equations can be simplified by the neglect of viscosity, which is
equivalent to setting the deviatoric stress tensor to zero. Combining the momentum and
continuity equations yields
dVj dp
where the convective derivative operator is defined as
dt at f 'ax,
Equation (2.5) is referred to as Euler's equation. The continuity and energy equations can
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and the rate of increase of heat per unit mass is given by
1 dp d 1
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Equations 2.5, 2.6 and 2.7 can be reduced to a single equation when four further




which allows for the introduction of the potential function [Refs 2,3]
V<I>=V (2.10)
Third, assume the existence of a freestream potential $,, whose gradient is the uniform
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everywhere, where a is the freestream speed of sound.
Based on these four assumptions, the unsteady potential equation is obtained
IRefs 1.3]:
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Assuming the flow conditions do not change with time yields the steady non-linear
potential equation.
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=0, equation (2.15) reduces to Laplace's equation,
V 2 (j) = (2.16)
For the case of M
x
* 0, the following is supposed,
M 2 |v|«l-M 2 (2.17)
M 2 |v|«l (2.18)
which are small perturbation assumptions [Refs. 1,2]. With these assumptions the steady
non-linear potential equation reduces to the Prandtl-Glauert equation [Ref 1]:
(l-M>„ +
<fryy
+ 4>H -0 (2.19)
Through a coordinate transformation [Refs. 1,2,3 j, the Prandtl-Glauert equation can be re-
written as:
s4>„ + 4>w + 4>a
-0 (2.20)
where when s=l, it is the subsonic case and Laplace's equation applies and when s=-l, it
is the supersonic case and the wave equation applies. Applying Green's third identity [Ref.
1 ] yields the following integral equation,
<KP) =-— m-if-lifi-V-i-ldS (2.21)
where a represents the source strength and [i represents the doublet strength. When
supplemented with boundary conditions, it is equation (2.21) that A502i solves.
A502i solves equation (2.21) through a discretization process. The general idea of
the process falls into two parts. The first is developing finite dimensional approximate
representation formulas for the singularity functions, which creates a system of equations
with unknown coefficients, X
t
. The second part involves solving the set of equations for
all X,. This allows for completely determining the source and doublet functions. Then, by
virtue of equation (2.21), the potential function <|)(P) is determined for all points P, solving
the problem.
The features of A502i which distinguish it from predecessors are three-fold. The
first is a feature known as "continuous geometry", the second is linear source and quadratic
doublet variation, the third is continuity of doublet strength.
Most panel methods approximate the configuration geometry with panels whose
planform is a quadrilateral. Thus, if the panels themselves are planar, only a small class of
configurations (such as cylinders and flat wings) can be described without gaps being left
between panels. These gaps are generally small, except for highly twisted surfaces. The
gaps cause little numerical error in subsonic flow, but in supersonic flow, the cumulative
effect of the gaps is serious [Ref. 1 1. The problem is not associated with leakage of flow
through the gaps, but with the doublet strength jumping abruptly from a non-zero value to
zero at a panel edge which does not exactly meet the adjacent edge. In A502i, gaps are
closed by means of panels which are comprised of several planar regions.
The feature of linear source and quadratic doublet variation is what makes A502i a
higher order panel method. The basis function corresponding to a source parameter is
locally linear, while the basis function corresponding to a doublet parameter is locally
quadratic. This is what allows for A502i to find supersonic solutions. Numerical solution
of the wave equation is far more sensitive to the numerical idiosyncracies of a panel method
than is the solution of Laplace's equation for subsonic flow. Experimental evidence [Ref.
1] indicates that exact surface analysis is not feasible in supersonic flow without doublet
continuity, thus the potential for numerical error is greatly reduced by requiring the doublet
singularity strength to be continuous across panels.
B. GENERAL A502i USAGE
The use of the A502i code consists of generating an input file, which can be
arbitrarily named, and which contains the information defining the geometry of the
configuration, flow field points of interest, the flow conditions and wakes. The process of
building a geometry is difficult in that A502i is particular about its input format. Simple
configurations, such as a rectangular, planform wing can be modelled manually, but more
complex structures require a pre-processing program, such as MACGS, where a geometry
can be graphically built. MACGS will output a data file in a format that, with minor
modifications, via another pre-processing program that can move the data from three
columns to six columns, will be readily usable by A502i. Currently, the school does not
have a copy of MACGS, but it can be acquired through McDonnell-Douglas. To complete
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this thesis, MACGS was used on the SGI workstations at NAWC Warminster. Wakes
also must be constructed in the same manner as the structure to be analyzed. More detailed
instructions on the specifics of wakes and surface geometries can be found in Ref. [4].
Appendix A is a portion of an output file, but lines 1 thru 1 1 20 are an exact duplicate of the
input file.
1. Running A502i with an Existing Executable
Assuming an A502i executable file (e.g., A502) has already been placed in a user
executable directory (e.g., /usr/local/bin), the only other necessary items needed to produce
a set of A502i output files is the input file and a large amount of storage space. Anything
modelled with more than one thousand panels total will use more than one hundred mb of
disk space. If the maximum number of panels (20,000) is used, the disk space required
will be on the order of 2 gb.
To run A502i, enter after the UNIX prompt:
A502 <input file > output file
Prior to running the code, it is highly recommended that a Cray account be opened and
linked to the department's SGI workstations. This is done by assigning the same user i.d.
number to the Cray account as is assigned to the account with the department. User i.d.
numbers can be changed by the computer center at the user's request. This is required due
to the limited disk space available to individual accounts in the department. Once an
account is opened, log on to a department workstation, change directories to an existing
Cray directory, for example (after the UNIX prompt):
cd /jedi/dl/maletour
Transfer the input file to the Cray directory and execute the code. The screen will display
what portion of the code it is performing and how long it took to perform each portion in
CPU time. The code outputs numerous files in addition to the arbitrarily named output file.
The two output files of interest, in the vast majority of cases, are the arbitrarily named
output file and the ft 13 file. In order to run another solution all output files must be deleted
or renamed prior to re-executing the code. Relevant results should not be kept on the Cray
account as files on disks dl, d2 and ul are considered temporary storage and subject to
erasure after a period of time.
2. Creating an A502i Input File
The input file, which can be arbitrarily named, consists of two portions, the largest
being the geometry data. Appendix A is a complete recreation of the input file for the
GBU-24 with canards. The file begins with line 1, $TITLE, and ends with line 1120,
SEND. The line numbers are for reference only and are not part of the actual input file.
The first portion consists of creating the initial conditions, i.e., the free-stream Mach
number and angle of attack, the type of analysis to be performed, i.e., solution or
datacheck, what types of output that are to be included in the arbitrarily named output file,
and reference points to be used in calculating forces and moments. The geometry data
consists of the points that bound each panel, that in turn belong to a specific group of
panels that make up a network. The overall structure being modelled consists of a series of
networks. A502i can run up to 150 networks and or 20,000 panels with a limit of 8,000
panels per network. Referencing Appendix A, line 28 represents the first network of the
model, a canard. Line 29 represents the number of networks that will be classified under
this $POINTS statement. Line 30 indicates what kind of surface the network will be, a
three-dimensional surface with flow properties to be calculated, a wake and a base are
several examples. Line 31 is the number of y points and the number of x points
respectively that make up the grid of that network. Line 32 is where the panel points start.
Reference 4 contains detailed instructions on the options and meaning of each of the non-
geometry inputs, including some capabilities not shown in Appendix A.
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Two types of solutions can be run, a datacheck and a full solution. Reference 4
explains how to enter either one into the input file. The datacheck only analyzes the
geometry. This can be accomplished in a matter of seconds for a simple geometry as it is
only running the first several portions of the code. The full solution can take a couple of
hours for a geometry of the size of 4,000 panels. The datacheck should be run once the
geometry has been modelled. It will check for any panel edges that do not abut properly,
and when column 4 of line 20 in Appendix A is a 1 , the datacheck will list the unit normal
vectors, which must be facing outward. The datacheck will also see if the wakes are
attached properly. A502i is capable of giving warnings both on-screen and in the
arbitrarily named output file when an edge or a wake is not modelled properly, but it only
lists the unit normal vectors. The directions of the vectors must be manually checked by
the user. The full solution performs the datacheck first, so the data is repeated in the
arbitrarily named output file. Appendix B is a portion of the output file that contains the
summary of facing surfaces. Each panel edge is looked at to see what it abuts against.
Sections such as wingtips, leading edges of a flat plate or any surface that does not need a
wake attached, but is unabutted to any other panel on that edge will draw probable error
messages or warnings from the code. The user must ensure that the edge is not supposed
to abut against anything or need a wake attached. If that is the case, the warnings may be
ignored. Appendix D is the first page of the portion of the output file that lists the unit
normal vectors. The three columns under zc are the x-y-z coordinates of the given panel's
center. The three columns under znc are the x-y-z coordinates of the unit normal vector. In




Five geometries needed to be modelled, each of increasing complexity. Modelling
proved to be the most difficult task, in that A502i is a FORTRAN code and is very format
sensitive, but the sheer number of points that need to be generated can take a lot of time and
the order those points are listed in the input file is what determines whether or not the shape
is correctly modelled. Of the five geometries modelled, none were done completely
manually. A spreadsheet was used for generating the parabolic arc airfoil and the deltawing
since those structures can be constructed out of one network, excluding wingtips and
wakes, and the surface can be defined by a mathematical function. The bombs and the F-
14 required the use of MACGS to be properly modelled. MACGS is indifferent as to the
order that geometries are built, and often doesn't require many coordinate inputs if building
a model on top of an existing IGS file. The output file from MACGS is automatically
formatted and the points placed in the appropriate order for A502i to understand.
Although, the order may be reversed where the unit outward normal vector is concerned.
MACGS has the ability to output files in several different panel method code input formats,
including PMARC. Reference 4 gives detailed instructions on how to properly order
points to build a group of networks that will model a geometry. A502i uses a right-handed
coordinate system that is similar to an aircraft body axes. When put in terms of a wing, the
x axis is positive from leading edge to trailing edge. The z axis is positive up and the y axis
is positive out the right wing
1. The Parabolic Arc Airfoil
The parabolic arc airfoil is the simplest of all the geometries. The airfoil has a chord
of five and a span of ten. The maximum thickness is .15. The model consists of
approximately 600 panels, including the wake and wingtips. A spreadsheet was used to
develop the geometry portion of the input file. Line 32 of Appendix A demonstrates the
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format that the spreadsheet used. Rows consist of two points, with coordinates x 1 , y 1 , z 1
,
x2, y2, z2 using a format of 6F 10.0. The chord was divided into 25 points (x coordinate)
from trailing edge to leading edge and then another 25 points from leading edge to trailing
edge (bottom half). The span was divided into 12 points (y coordinate) from left to right.
Due to the symmetry of a rectangular planform, the y coordinate was constant along the 50
x coordinates that constituted a chordwise cross-section. To attain a maximum thickness of
.15 the formula,
Z = .3*(A __L) ( 2.22)
c c
was utilized to generate the values of the z coordinates. The wingtips simply connect the x
coordinate on the top side with it's symmetrical counterpart on the bottom side. Due to a
trailing edge composed of a straight line, the wake is modelled by a single panel that spans
the trailing edge and has a length aft of 100. Figure 2. 1 shows the panel distribution across
the top surface of the parabolic arc airfoil, where the thickness is represented by the color
scheme. A panel and a point are numbered to show how they were entered into the input
file.
2. The Deltawing
The deltawing represented a step up in complexity over the parabolic arc airfoil.
The chordwise cross-section is parabolic, while the spanwise cross-section is linear. The
procedure for building the geometry on a spreadsheet was the same as that for the parabolic
arc airfoil, only the chord length is not constant along the span. For simplicity in design,
the number of panels per column of panels is constant on the deltawing, as on the parabolic
arc airfoil. This means an increasing panel density in the direction of the wing tip. The
wake is modelled the same as the airfoil. The right wingtip ended in a point, so no extra
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Figure 2. 1 Parabolic Arc Panel Distribution
further simplification and reduction of the code's run time by only modelling from the
centerline to the right tip. A502i allows the user to stipulate whether there is symmetry in
the x-z plane and or the x-y plane (see line 5 and 6 of Appendix A). This means that the
gap between the top and bottom panels at the center line does not need to be bridged as in
the parabolic arc airfoil (symmetry could have also been used in the airfoil's case). The
chord of the deltawing has a length of 90 and the semi-span has a length of 15. The
maximum thickness occurs midway along the centerline and is .05. The model consists of
880 panels. Figure 2.2 shows the panel distribution along the top surface of the deltawing.
14

Thickness is represented by the color scheme.
Chord
Figure 2.2 Panel Distribution of Deltawing
3. GBU-24
Wind tunnel experiments were run on the GBU-24 without canards attached, so it
was deemed relevant to build a model with and without canards as a comparison of the
code's performance. The model of the GBU-24 was too complex to build with a
spreadsheet, so MACGS was used. The bomb was modelled at NAWC Warminster by
superimposing a group of networks on top of an IGS file being displayed by MACGS.
The complete configuration consists of approximately 1300 panels. Figures 2.3 and 2.4
are displays of the GBU-24 with canards, with Figure 2.4 including the wakes. Figure 2.5
15

is included to show how the GBU-24 model was assembled. Each different color
represents a network.
Several features of the geometry are relevant to point out. Two of them are
modifications made to the geometry that differ from the actual dimensions of the bomb.
Dr. Alex Cenko of NAWC Warminster has extensive experience with modelling stores in
A502i. The modifications were made on his knowledge of how to get the most accurate
results from the code when modelling stores. The first is to model the fins and canards as
flat plates, i.e.. no thickness, which A502i allows you to do through a single numerical
change in the input code for each network that represents a flat plate (see line 30 of
Appendix A). The fins and canards are extremely thin when compared to the rest of the
bomb, and to add a third dimension to the geometry complicates the construction of the fin
or canard for several reasons. The leading and trailing edges must be sharp and the surface
the fin or canard attaches to would have to be modified to abut properly with two edges
instead of one. Experience has shown that the simpler version yields accurate predictions.
A502i is an inviscid code, so it cannot take into account separation effects on its own. The
GBU-24 does not have a flat base. In reality, it is more bullet nosed in shape. However,
at the speeds with which the bomb is being analyzed, separation does occur near the trailing
edge of the bomb. Experience has shown that truncating the end into a flat base and
designating it a separated flow region through an appropriate input (see line 702, column 1,
Appendix A) yields better results than attempting to model the bomb to exact physical
dimensions. The last feature to point out are the wakes, as seen in Figure 2.4. A502i has a
limitation in that the wakes must be modelled by the user, and they have the same abutment
requirements as physical surfaces. Regardless of angle of attack, the wakes remain
stationary with respect to the body to which they are attached. At higher angles of attack,
the wakes are no longer close to paralleling the free-stream velocity. Remodelling the
wakes is nearly an impossible task. The fin and base wakes would not be too difficult
16

Figure 2.3 GBU-24 Geometry (Wakes not Shown)
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Figure 2.4 GBU-24 Geometry (Wakes Shown)
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Figure 2.5 GBU-24 Geometry (Network Modelling)
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because they do not abut against any physical surfaces except for the surfaces they are
trailing from. The canard wakes must abut properly against the bomb's body all the way to
the base. Modification of those wakes would entail modification of the entire body, or in a
possible simplification, letting the wakes remain attached along the body until the base of
the bomb and then shifting them relative to the free-stream.
4. The F-14
The F-14 geometry was modelled in the same fashion as the GBU-24. The
geometry consists of approximately 1500 panels. While that may seem fairly coarse for
such a complex structure, experience shows that it is all that is required to get accurate
predictions. The primary area of interest is the underside of the fuselage forward and
between the two nacelles. Higher panel density on the top half is not required. Figures 2.6
and 2.7 display the F-14 geometry without and with wakes shown. Several omissions are
made to the model as having a trivial effect on the analysis or no effect at all. Phoenix rails
and bomb racks are not modelled along with the chin pod because they are deemed
insignificant to achieve reasonably accurate predictions over small angles of attack.
External tanks were not considered, but could be modelled much in the same way as the
bomb and inserted into the input file to see what effects the drop tanks have on separation
forces. The vertical tails and horizontal stabilizers were deemed irrelevant to the prediction
of the separation forces and were left out. This reduces the number of panels and
networks, which also reduces the amount of time it takes to run a solution.
5. Combination Geometries
The F-14 and GBU-24 were modelled separately, but were combined together as
shown in Figure 2.8. The first step to accomplish this was using the FORTRAN code
NAVSEP which, among many of its functions will translate coordinates to relocate items in
the flow-field. Once accomplished, the GBU-24 file was pasted into the F-14 input file.
20

Figure 2.6 F-14 Geometry (Wakes not Shown)
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Figure 2.7 F-14 Geometry (Wakes Shown)
22
Figure 2.8 F- 14 and GBU-24 on Station 3 Combined Geometries
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D. GRAPHICS VISUALIZATION
One of the pre/post-processing codes that came with A502i is called RAID.
Currently an executable exists in the department's computer system that can be accessed
through typing after the UNIX prompt,
raid
Raid is a basic graphics program that can read A502i and TRANAIR input files and display
geometries and flow properties from solutions. After accessing raid, it will ask what type
of input file it is being asked to visualize. It can handle five other modes of input besides
A502i/TRANAIR [Ref. 10]. It will then ask for the name of the input file. A prompt will
follow asking about object definition matrices which needs to be answered by,
EACH
The next prompt will ask if the panels are going to be shaded by a Cp value. Cp is used
generically in that Cp can be displayed or Mach or any of the relevant 49 surface flow
properties [Ref. 4]. This is only used after a solution has been run, data has been extracted
and a colorscale for contour plots has been determined. If only the geometry is to be
displayed, then hit carriage return for all the next questions until a pink window appears
with a menu in the lower left corner of the window. An anomaly of the program is that if
you want to display the wakes, then wake display must be deselected. To view the
geometry select view on the menu. All selections with the mouse in RAID are made with
the center mouse button. A new window appears with a menu bar at the bottom and left
and the geometry in the center. From there, rotation, translation, scaling, axes, reflections
and other manipulation of the geometry is possible. Figures 2.3 through 2.8 are examples
of geometries displayed on RAID.
When presentation of solutions (i.e., Cp or Mach contours) are desired, the use of
another post-processing program is required to generate a colormap file. The program is
24
called crebar. An executable currently exists on the department's system. Type in,
crebar
after the UNIX prompt. The program will ask straightforward questions. Number values
associated with colors available can be found in Ref. 10. The color file can be saved under
any name, but must lie in the same directory as the input and solution files. The first line of
the color file will list four numbers. The first number is the number of colors assigned to
the colormap (248 maximum). Occasionally, the color bar displayed in RAID when using
a colormap will disappear when certain menu items are selected. To prevent this, change
the last three numbers to read 6, 1,-1. Plotting outputs from RAID requires saving the file
in a format, such as RGB, that a printer will recognize. It is possible to change the text





When a solution has run to completion, there are two files of interest, the arbitrarily
named output file and the ft 13 file. The arbitrarily named output file contains results for
everything that A502i solves for. The ft 13 file contains only the 49 surface flow properties
on each panel. Appendix D is the solution portion of an arbitrarily named output file for the
first network.
For purposes of displaying flow properties on RAID, it is necessary to utilize the
ft 13 file. A post-processing code called RAIDCONV is used to extract the specific
information. To access RAIDCONV, type
raidconv
after the UNIX prompt. An executable currently exists in the department's system. The
ft 13 file must be in the same directory as RAIDCONV is accessed in. RAIDCONV will
prompt the user for which kind of panel method is being used (A502i is one of three
choices). The next prompt will ask for the name of the ft 13 file. The last prompt will ask
for the flow property that is to be extracted. A file called ftl3.cp will be created. It can be
renamed for purposes of multiple flow properties extraction. Abbreviations for the 49 flow
properties can be found at the bottom of page 1 of Appendix D. The two primary flow
properties are
LMACHU for local Mach number
CP2ND for second order pressure coefficient
CP2ND is the default setting for RAIDCONV. Once the ftB.cp file is created, RAID can
be used as previously discussed to display the flow properties. An anomaly of
RAIDCONV is that it does not recognize kt=20 type wakes, used where wakes from a
wing abut against a body [Ref. 4]. To assist in extracting all the data, the kt=20 wakes
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should be placed at the end of the input file. In general, it is good practice to place all
wakes at the end of the input file when using A502L
The arbitrarily named output file duplicates the data found in the ft 13 file and
includes moments and forces. A502i will sum up the moments and forces on each network
and for all networks so far [App. D]. The moments are computed based on the coordinates
entered into the input file [Ref. 4 and App. A].
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IV. RESULTS OF A502i COMPUTATIONS
A. PARABOLIC ARC AIRFOIL DISCUSSION
This simple geometry was analyzed primarily to evaluate A502i's capabilities by a
comparison to known linear theory. To this end, the geometry discussed in section II-C
and shown in Figure 2. 1 was run by A502i at a Mach of 0.3 and a Mach of 1 .5 at an angle
of attack of zero. Two of the 49 flow properties that A502i computes IRef. 4] for each
panel are linear Cp and second order Cp, given by
CPLIN = -2uc (4.1)
CP2ND =
-2iic-[( l-M=c2)uc2+vc2+wc2] (4.2)
Where u c , vc and wc are the compressible components of the perturbation velocity.
Figure 4.1 plots the linear theory, A502i linear and second order results for the subsonic
case, while Figure 4.2 represents the supersonic solution.
Linear theory for parabolic arc airfoils is outlined in Refs. 2 and 3. The equation





x * chord * ^ 1 - NT
) where 0<x< 1 (4.3)
Equation 4.3 includes a Prandtl-Glauert compressibility correction. The equation
representing the supersonic case is given by:
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Figure 4.2 Cp Comparison of a Parabolic Arc Airfoil at Mach = 1.5.
30

Figure 4.1 shows very good agreement with the linear theory curve. There is a
small but noticeable difference between A502i's linear results and second order results,
with the second order results being more accurate, as expected. The maximum difference
between the linear theory curve and the second order A502i curve amounts to a value of
2.5% right at mid-chord. The gap between the two curves from .25 chord to .75 chord
were the result of thin panel density in that region.
Figure 4.2 shows excellent agreement with the linear theory curve. The A502i
values of Cp for the linear and second order analysis are virtually identical. There are small
deviations from linear theory near the leading and trailing edges, but this is expected due to
numerical error associated with the discontinuity A502i would encounter right on the
leading or trailing edges.
B. DELTAWING DISCUSSION
Reference 9 provides data on Mach distribution, using approximated linear theory,
over a deltawing of the configuration discussed in section II-D. This simple geometry
provided another test of A502i's capabilities. Figures 4.3 and 4.5 show the A502i results
for the subsonic and supersonic case, while Figures 4.4 and 4.6 reflect the results from
Ref. 9. For both cases, good agreement is found with the linear theory, with A502i's
subsonic analysis being physically more accurate than the approximate linear theory, while
A502i's supersonic analysis is not as physically accurate.
A comparison of Figures 4.3 and 4.4 reveals several points of interest. The Mach
contour representing the free-stream value is given by the dashed line. All lines outside the
dashed line represent areas where the Mach value is less than free-stream, and inside the
dashed line is where the Mach value is more than free-stream. The location of where the
free-stream Mach contour, in Figure 4.3, intersects the centerline agrees very well with
Figure 4.4. However, Figure 4.4 does not have the contour extending all the way to the
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tip. This is a physical limitation of the approximate theory used in Figure 4.4 and A502i is
giving a more realistic solution. Figure 4.4 suggests that the peak Mach value occurs at
approximately two-thirds chord along the centerline. The A502i results show the peak
Mach contour occurring out midway along the semi-span. Those Mach values are less than
1% larger than the yellow Mach contour surrounding it, and can be attributed to how the
panel density increases with movement towards the wingtip. A502i performed very well
for this subsonic case.
A comparison of Figures 4.5 and 4.6 shows that A502i did not perform as well as
in the subsonic case. Again, the contour representing the free-stream value of
Mach =1.414 is given by the dashed line. All lines forward are below free-stream and all
lines aft are above free-stream. Figure 4.6 shows the intersection of the free-stream Mach
contour on the centerline occurring at approximately 39% chord, which is in excellent
agreement with A502i's result. Figure 4.6 shows the peak Mach value occurring at the
trailing edge on the centerline. This makes more physical sense than the results
that A502i yielded. The maximum thickness of the deltawing occurs along the centerline,
allowing for greater expansion. The discrepancy may be attributable to panel density and
accumulation of numerical error. A close study of the A502i results reveals some
discontinuities along the column of panels out at the wing-tip which would have adversely
affected the solution and caused errors to propagate along the semi-span.
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Lines of Constant Mach (Minf=01)
Semi-Span
Figure 4.3 AS02i Mach Contour Plot (M«,=.01)
s«C
Figure 4.4 Approximate Linear Theory [Ref. 9] Moo=0
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Lines of Constant Mach (Minf=1 .414)
Semi-Span
Figure 4.5 A502i Mach Contour Plot (Moo=1.414)
Figure 4.6 Approximate Linear Theory [Ref. 9] Moo=1.414
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C. GBU-24 FREE-STREAM (NO CANARDS) DISCUSSION
A free-stream measurement of separation forces on the GBU-24, without canards,
was conducted in a wind tunnel for various Mach numbers from .8 to 1.2 JRef. 7J. Since
A502i uses linear potential theory, the model of the GBU-24, without canards, was
evaluated at both Mach .8 and 1.2, avoiding the transonic regime, to ascertain the accuracy
of the code with the given geometry. Normal forces and pitching moments for both cases
are plotted and compared to the wind tunnel data.
1. Subsonic Case (Mo>=0.8)
The GBU-24 model, without the canards, was run for angles of attack varying
from -10 to +10 degrees in two degree increments. Values much higher than that ran into
wake modelling problems as the wake's angle relative to the free-stream was getting large
enough that results would become questionable, and remodelling the wake was too difficult
for such a complex geometry. The results of the A502i analysis are displayed in Figures
4.7 and 4.8. For angles of attack between -4 and +4 degrees, A502i does a good job of
predicting the separation forces. The pitching moment, which happens to be unstable
without the canards, is approximately linear over the -4 to +4 degree range and is the
limiting factor to the models accuracy. The normal force is approximately linear over a
wider range, and A502i does a good job of predicting the normal forces from -6 to +6
degrees.
2. Supersonic Case (Moo=1.2)
The results for the subsonic case demonstrated that the effective range of angle of
attack that A502i needed to explore was from -6 to +6 degrees. Figures 4.9 and 4. 10 plot
the comparison of wind tunnel data versus A502i results for pitching moment and normal
force. The results for the supersonic case are slightly better than that of the subsonic case.
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Figure 4.8 Comparison of Normal Forces
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attack region, but fluctuations in the data at -6 and +6 degrees means that the model is still
only viable from -4 to +4 degrees. The normal force line is nearly linear from -10 to +10
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Figure 4.10 Comparison of Normal Forces
D. GBU-24 FREE-STREAM (WITH CANARDS) DISCUSSION
As in the case with no canards, free-stream measurements of the separation forces
on GBU-24 were taken from Mach .8 to 1.2 in a wind tunnel |Ref. 7|. Again, due to the
limitations of linear theory inherent in the code, an analysis was done for Mach numbers of
.8 and 1.2 to minimize transonic effects. Even with the more complex geometry, A502i
does an accurate job of predicting the separation forces over the range of angles of attack
that are approximately linear.
1. Subsonic Case (Moo=0.8)
The GBU-24 model, with canards, was run in two degree increments of angle of
attack from -10 to +10. The wake modelling limitation, as well as reviewing the data from
the wind tunnel measurements |Ref. 1\ showed the non-linearity of the separation forces at
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the higher values of angle of attack, precluded any attempts to predict forces beyond the
aforementioned angle of attack interval. The results of the A502i analysis are displayed in
Figures 4. 1 1 and 4. 12. The addition of the canards makes the pitching moment stable, but
linear over a smaller region than without the canards. A502i gave accurate results from -2
to +2 degrees angle of attack when predicting pitching moment. The prediction of normal


























Figure 4.12 Comparison of Normal Forces
2. Supersonic Case (Moo=1.2)
As in the case with no canards, the region of accuracy, with the model used, was
assumed to be less than + or - 10 degrees angle of attack. Cases were run from -6 to +6
degrees angle of attack in two degree increments. A comparison of A502i results with
wind tunnel data is shown in Figures 4. 13 and 4.14. For both the pitching moment and the
normal force, A502i does a much better job of prediction then when subsonic. The wind
tunnel data is nearly linear in both pitch moment and normal force from -8 to +8 degrees
angle of attack. Extrapolating the A502i data out to + or - 8 degrees angle of attack, shows
















The GBU-24, without canards was located at station 3 of the F-14 via the NAVSEP
code. In the process of running a solution, the combined geometries were found to have a
total of 150 networks (A502i's maximum). The combined geometry had about 4,000
panels, far short of the 20,000 panel maximum, so there was room for more detailed
modelling, but there was not a chance to insert the GBU-24, with canards, into the F-14's
flow field and analyze the forces on the bomb. The geometry with the canardless bomb ran
to a solution that appeared to be valid, so there is a high degree of confidence that if the
number of networks could be reduced to allow the GBU-24, with canards, to be inserted
into the F- 14 flow field, the code would yield accurate predictions at small angles of attack
on the forward stations. To reduce the total number of networks by combining existing
networks would have required a large time investment and the use of MACGS, which the
department currently does not possess, the two reasons why it was not done. Figure 4.15
shows a Mach distribution of the solution of the canardless bomb and F-14 at Mach = 0.8
and degrees angle of attack
F. POST-PROCESSING DISCUSSION
The Mach values for the subsonic case of the GBU-24, with canards, at 4 degrees
angle of attack, were extracted from the ft 13 file. These values, used in conjunction with
RAID are shown in Figures 4.16 and 4.17. The color distribution over the nose in Figure
4.16 indicates that the bomb is at an angle of attack, and scanning the rest of the model
showed no discontinuous solutions, which is generally represented in A502i by a Mach
value of or 1,000. The visual representation is a quick way of telling if A502i ran an
accurate solution. The only other way is to individually check the Mach or Cp values of
each panel in the ft 13 file or the arbitrarily named output file. The other point of interest in
Figure 4. 16 is the lack of panel density along the mid-section of the bomb. The goal, in the
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case of stores separation prediction, is to have as simple a model as possible that still gives
accurate predictions. The fewer the number of panels, the shorter the run time. The fact
that A502i is a higher order panel method allows the luxury of using fewer panels. Figure




Figure 4.15 Mach Distribution over GBU-24 and F-14 (Mco=0.8, alpha=0°)
44

Figure 4.16 Mach Distribution over GBU-24 (M«>=0.8, alpha=4°)
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Figure 4.17 Mach Distribution over GBU-24 (Moo=0.8, alpha=4°)
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V. SUMMARY AND CONCLUSIONS
The main goal of this analysis is to determine the accuracy of A502i on both simple
geometries and complex geometries. To accomplish this, A502i is compared with results
available from linear theory and wind tunnel experiments. This allows conclusions to be
drawn on the capabilities as well as the limitations of A502i.
In general, A502i can accurately predict flow properties, forces and moments on
simple and complex geometries at low angles of attack. The predictions are valid over a
wide Mach range, from up to and including 0.8 and from 1.2 and above. The supersonic
solutions are available due to A502i's higher order capabilities.
The limitations of A502i are consistent with most panel methods. A502i cannot
predict flow dominated by viscous, separated or transonic effects. It cannot predict flow
with different total pressures, such as flow properties inside a jet plume or a propeller
slipstream swirl. The biggest shortcoming of A502i is its inability to handle unsteady cases
and automatically determine wake shapes.
Experience or knowledge of the flow properties around the geometry being tested is
important in building an accurate model. An accurate model may not be physically
accurate. Right test results revealed a yawing moment on the GBU-24 that was not
discovered in wind tunnel experiments when the bomb was carried on an aft station. The
yawing moment may be caused by the fact that the canards are not fixed, but spring-
damped. A502i predictions would not be accurate without inputting a moment to simulate
the deflection of the canards, since the canards are fixed by the geometry. A502i, while a
powerful tool in terms of cost savings and time, cannot completely substitute for wind
tunnel experiments and flight tests, as constructing a complex geometry to exact physical
specifications will probably not yield accurate predictions.
47
48







































in * « « « « « « « « * * *
4J « *
01 i-> * *





























*En « * «














* « JJ -H *
* K) « 1
o o * o o o
§
li li *
o * 3 * w
IN *
*
* to « w
* 3 3 3

























* fl aj itj « * TJ
01 — * jj jj jj * -H «J — o\ *
>1 w < (0 V) U) « o 11 (N 1 * JJ
« c ro 3 *
B
jj a\ u * 3
« U ~H « * -rH 10 * a
* *H ii a * « o xi a s * c
« JJ fl <o * o o o a u <s 1 * -H
« r« E * iH <H .-t « jj 10 n r- *
< N o * (N
« -H 1H ii 4J (N * O
C Tl •H 3 H * Lfl
« fl o « 10 — * (0
« -H X ifl .a *
« JJ
i
* VI to CO c O <N * <4-l
•
-rH * >; ,* m « a JJ * O
« C * u u u a 3£ «
I ""'
* O o






« JJ in o * jQXl Xl « >*H * -H O
« c (N XI « *~4 II
« IP * O rH -r4 ao « S
« e « HCNn * LO * * i
« a> 10 -H C o « icS
« D» JJ 11 « O
« nj « e-H S « <




JJ H j. *
OS CO
CO § OS B£ * -rl-H-H * CO 2 * <




« 3 3 « cc * W S Eh
-H > « « H * 2 2 x S O ~
« a> a» * c c c « w « Du O OS E 5 1 tH
« E >H * O ta to —
T- « 01 a> a u d3 <» Fh m >h k
Cd CO JO aIT) « E -1 ITJ * .— <i -H -H « os 2 ITJ
£ * -h .—t .-1 « Ct. o « TJ* H i J 2 m o < co < o a< o<
• u * (Q i0 tf « M 1 m D O £ 2 rf S < O 2 J J
o u * U U U ^ H JJ H CQ CO CO • 2 < oo o z • 5 < <
E C 73 (N D 3 o> O o> v> tl O W II V> II tH </> II (N II
(T) • m TJ * C C G « 1 J « a
« c X «J « CD 0) <U 3 o 5 HfNn^m\or*co CAOHOtPTJl/HO
« >> "3 « a a a « CQ CI -iH ,-H rH rH rH rl i-1 WK • TJ £ * O <A
^_










tO I-1 <A I-* II M II </> O II <r II vv totminoxji M M T3
ooot-n^o^jp] T3 CO 33
m pi pi 11 5M
M H
H N) M ?3 £3
w £ m s O w oa
z o
M PJ H
H H tD O K l/> o 2 c M O
S • 50 • » O M
o o tn o n i] X pi i-9
po 11 11 o n O H
:x w <,) S o2 •3 z
N)toi-'HPHHvjj>i)\oy)vocDa3o:(BCD>J>Jvi'jNj(^aia\aM^o*'i i W tO tO tO M W
H» O O M 2 iN *» P3 70 GO • M o h r









P3 O M t-* M
O • *fl O
s o
?3 13
** o en -J -J 00
«d KJ -J W 00 w
U> U> U> Ul
O U1H(T\
CT\ VO tO Ul
vo oo on ui
C\ C\ ON On H H* P* H»
<J\ On Q\ Q\ On On 0"\ CI
m on -o -J HWtou
fh *>. *» tm
<T\ G\ C\ *«JM ** -J O
o o o o
On On (J\ 0">
Ul Ul Ul Ul
-0 00 CO ^
00 Ul ao to
Ul wo CO
U) O 00 CTi
V© \0 VO \0
Ul Ul Ul Ul
WH HP C\ O ** VO
t± \o &. o ui en oo p*
Ck omo h ai wvo -J
-0
-J -J -J
On <J\ <T\ 0\
** Ul Ul Ul
VO O O O
Cn C\ C\ <J\
OU) CO -J *k-OMUl
to to u» ui P» VO -O *».OVOOW 00 Ul P> 00
**. £* iC id
0"\ On Cn Cn
to to to to 00 00 00 CD
lO M »-» M M t-» K£, KO \0 KC
U> Ul p-'h-'t-'P* 00000000
0000 P* (O tO Ul Ol OlCTi o
** VO sltO slP PU1WU
00 00 00 00
Q\ On CT\ <T\
O O P4 P*
Ul oo to Ul
-J -J -o *J
Ul U) Ul w
*> Ul Ul Ul
VO tO ** -O
on on on on
o o o o
i£VO>£tO
Ul Ul -0 VO
i>. fh *>. c*
00 00 00 00W Ul Ul *k
-J 00 \£> O
WW WW to to to to
mmmui wuiwui









en m co co
CN CN (N CN
«» T* T» <*
l£> ^> »£ l£>
*» •«* *» *» \£> VO lO \£>
o o o cn
ui in in •»
t-* r- C^ e'- en CT\ Cn Cn
cn oo oo r-
m in in in
io \o vo u>
o o o o
h h \OU1 NHO(T\
vo\o vo i£ r* r- r- vo
l£> l£> VO 10 rH rH rH rH
I i-HtHrHrH tHrHr-trH
co co co co in in in in
rH rH rH rH1111
o cn
tH rH
CN CN CN CN
m n m n
CN CN CN CN
(NMHO
CO 00 CO CO
in in in in
co co co ro
o cn co r-
"j o i*i f^
CO CO CO CO
rj
-T -T T
CT\ Cn C7\ C7\O O O O
vo io vo lO
C*- ^J" CN Cn
in in in ^
n tn ro rn
r- r* r- r*
in cn co in
rH rH O O
10 V£> \0 l£>
m o\in h
P- iO i^> vo
00 CO 00 CO
CD CO CO CO Cn Cn Cn Cn
rH r- cn r- cn ^» cn *»
co cn cn rH co co r- r-
t-trHr-lrH CO CO CO CO
WHi-ttH CN CN CN CN
l£> CO
CO CN
co ^h m co
in dh«»
(N o cn r*
ro ro <N <N
r* co cn o
r- cn m in
rH co 10 co
cn t» o ic
rH cn VO ^3"
o ^> cn r*
rH rH rH CN
vo co o co
co o co in
cn co m co
or-^H
r- u> ^ *0
tt rj rj rj
in \o oo cn
in cn cn io
VO rH in o
cn in cn co
m oo co r-
co r- r* vo
^in\o r^
CN «* lO 00
O *» CO CN
cn r- «-h vo (Nt^ (SCO cn co t? cn
*» M co cn
m cn in rH
^ co co co
co cn \£> cn
^p co co co
m o c- Tf
*f *r co m
CO rH CO M> ro rH cn r-
*s ^» ro ro
^ cn o en




























r4 r4 r4 r^ r-f r-i r-i r4 r-l r-ir-i,-4 r-ir-i r-lr-lr*<-tf~ir~ti-4r~*r4r4'-lT-it-i -• HHH
51






Ul CD P (^ P ^CDPyiinw-jp^NiP c^ominoaioui WW WW
VO U) ^ VO P





^P bOOwo comO -J W \D
mcnoM^PPPPpy)bbb^WWWWW'
toiowwcococococoo










w w w w |-»MJ-J*>.
-OVDOtO CO Ul t-» 00
tOCD^O C\ -J *J CO
CO Cfi ** W nJWOSW
ocnui b GO W Ul «>
o yip c^
0\ VD tO Ul
vo oo a\ ui
to a\ vo w m u\ \o t
CO WCO W WPPI
Ul WO00 6\OI>i
wocom &C^«I
0\ O *» «>
(Jl W\D s)
O ^O 00 -J ** -J H*
row wu p io sjJWOK) COU1P
C*£t£*b WW WW
<J\ <T\ <T\ c\ y~* \~* l-> *-*
£>.£>.£>£* WWWW
totototo oocooooo
to to to to
WWWW
-O -O 00 CD
£t U3 ** KO
MHPH COCO0O0Op w (ou en en o> -JOMOH HU1WW
CO CO 00 00
Cft CT\ C\ G\
O O M M
Ul CO W Ul
-O ^J *-J -o
WWWW
** ui ui ui
^ W b vl
C\ <T\ 0"\ Cf\
o o o o
«£U) VOVOU Ul vl vo
£* £k £t £* WWWW
OOCOOOOO Ul Ul Ul UlWWWb CO 03 CD CO




ai ui in ui wwww
OOCOOOOO WWWWOP tO W btkbfk
WWWW WWWW
C\ 0\ <T\ <T\ H M P* H>
<T\ 0\ 0\ 0\ C* ON 0> CT\
Ul ON -O ^J (->WWW
VO vc VD ^ -J -O -J -J «h £k £k £*
ON ON ON ON
Ul Ul Ul Ul
O 00 CO u>
ON ON ON ON pJMpJpJ ON ON ON ON
















o en co r* Ov [— in m r» T CN cn in cn co in m cn in rH rH r- CN t- cn •<* cn ^ ** o cooooooocnop*-omovoocn
^ rn m ro en cn CPi cn LO in in t rH rH o o r- vo vo vo n CN CN rH CO co r* r- vo O coocoooocoocoovoocooco
I














rH rH rH rH









rH rH rH rH rH rH rH i i i i i
vo \& \& \jD o o o en m ^3" T m en co CO [-» n CN CN rH r* r* vo in CM rH O cn o o coovoomoioocnooocoovo
<» •** •** ^ m in m *» LD in m m in in in in us VO vo VO VO vo vo VO r- p- r- VO o o p-oooovooooocoooocoooo
H rH rH rH vo vo vo vo iH rH H vo vo vo vo rH rH rH vo vo vo vo «H) rH rH rH o o p-ooomooor-ooop^oo
VO \o vo LO r* r* r* p* en en en Cr\ o o o o fN CN CN CN m m m pi in in in in o o rHOmOrnOrnOrHOOOrHOm










rH rH rH rH rHlilt rH rH rH rH 1 '
r* cn m in rH Cft vo -^ vo CO o o r- <* rH m VO CO cn cn in cn co xJ in vo P- 00 o coocooaoocoooooooooooco





















co r> p* vo









** rn m CN *» m m m it m m ro ^ XT m m ^ <? ro ro tj t rn m <* ^j. -r m
O rH o en r* VO O CO vo T CN CO in m o X) vo <-n o r- ro in rn r^ m cn m cn *j o in CN r* cn VO rH cn m minp-ooor-om^ommTjp-.
CO -^ r* m n rn O <J\ tj\ <T\ CM LO in in in ^ rH rH rH O O r> r- vo vo in m CN CN CN -i CT\ CO CO P- P- cn m vooomooomvoooinvooo
in co
m **




















rH rH rH rH









rH rH rH rH rH rH rH rH rH rH CO.
O
i i i i i i i i i
25
CN VO \q vo vo LO o o O O cn LD ** ^> ro ro en cn 00 00 r- m m cn rH rH CO p- vo in in CN rH O cn co o o o in^m^cnrnmTp^ooOp'Om







vo vo vo vo vo rH











VO VO vo vo










1 1 1 1 > i i i rH rH rH rH rH ^-\ H rH rH rH rH rH rH rH rH rH <-i rH rH rH M
1 1 1 1 1 1 1 1 1 1 1 1 1 1 OS
O
vo O m vo <TV CN r- m m o CO LO r- en rH *» cn en vo m cn cn O CN ^» m vo cn cn in ^H rn *» in vo P* i o cn cn cncNcncNcncNcncNcncNcncNcncNcnr* m o p- t» CN r* cn p- cn VO r-i TJ \D CTi -H r* vo vo vo in cn vo m o vo rH in o in rH m m r- cn • cn co encocncocncoencocncocncocncocn
in rH p- cn CO -* O rH rH (N <N o in o Ifl cn cn cn en cn cn m co fO CO CO CO P- P~ 10 CO CN vo o -^ -* T rj. 'f^-J^T^^^^-J-f^r,-,^
w
T- m in o vo rH p- in rH p- m cn LO rH 00 T r^ "* rH co in CN «* cn cn r- x* ^(NOCD vo T rn rH O 00 pH CO o OOOCOOCOOCOOCOOCOOCOOCO






2 co en O rH CN r»l » m vo P- CO en O rH CN m ** in vo r» CO cn O rH CN r*l *r in vo p- 00 cn O rH CN rn *» in vo p- co cn OrHCNmTinvor-cocnorHfNm^*























h-» H» M M H> h- 00 00 00 OD 00 CO
-J 'J -J -J -J -o
y w w w w w
o o o o o o
HWMW WH
o vo o o »^> vo
ai ^o -J -J vd Ln
w o UJ OJ o OJ
<T\ O O <T> O <J\
ai o ui ut o Ln
H W to to W M
>£> \D O O \£> \0
ai « -*J -J vo ui
** o ** ** o *>
0> O C\ CT\ O Cft
lOOOOQOOOOOODO
!


















O -^ O *»O fN O fN
o ro o ro
<* (N *» (N
O 00 O CO
omornO rH O rH
o ro o ro
O <N O fN
o co o m
<* (N ** fN
O CO O CO
o ro o ro
O rH O rH
O CO O COO ro o mOHOH
o ro o n
o tj o ^>O ON O CNO rO O ro
O CO O CO
o ro o roO rH O rH 0(NO(No ro o ro
o o \o y&
ro fl ro ro
r- r- cn cn
o o vo u>
ro ro ro ro
r- r- cn cn
O O VO U>
rn fi ro ro
i*» r* <n cn
o o vo u>
r- r- cn (N
co in co in
rH ^ r-t •& CN
^ fi i*i n rt,
OQ
O
^j m tj m
CN <T\ cn <*
f) Cft CO 0\
-& r* ** r-
fN O (N o
m O ro O ro




CO ro CO ro
ro \£> fO VO
rH ^ rH ^
CO ** CO *»
ro vd ro VO
iH ^ rH TJ ^J
^ r- ^* r-
(N O O) o
ro O ro O
5
o
o o \o l£>
|
rO rO CO ro
,
r- r- fN cn
ro ro ro ro
ro ro ro ro
O O VD \£>
ro ro ro ro
!
r- r- cn (N
CN CN CN CN
O O \D \D
|
ro ro ro ro
,
r* r- CN CN
WdH^J
CO ro CO ro u
ro >£> ro 10 f-J
rH "* H rr
II
ro ro ro ro
o
S oO O i0 10 CJ
ro ro m rO
r- r- fN CN
w
ro ro in m
















pJ MMPJ PJ MOOOOOOOOOO^">^*iD^> ,X> _
ai^wwpo«)(D-j(j\^^utOHoy3(Dv)(nui^










O U» U) o i OOWIjJOWL-JO
OJWO^WOOWUIO^WO'
(/)
to to IO to to
w i-j






UJ Ul M M o
t-» £t KD K0 O
O© wm mo
'










PUlHUlPyiPUlHUlHLnHUIPUlHLnHUlHUlPUIh'Ln w to to w u rj uj w u» u> u» wl^UUUUU hJ |-'h-»l-'PJ h-»




h-» <* K> K> ** H* P-»*k(OK)*kM
«30000V£> VOOOOOVO
(/IO>Jn10U1 WOvJvlOUl
I I I IW(TilOWOOWWWa\'">JWOMOWOOlOl*tWO\*'slW01
*fc*0O0*iOOO0\*>*[0Ot0*»''0O0\OOO0i>*»*MOt0^'0
o\cowooowa\siouio\ ,Jowooowi*iroouic\cDl^PsJCDPO'JOJfcWOOfc^OSOOPO-JB^POOtJlP
w o oj w o u> OUi wo w
«^O**£*0^ ^ O £i *» O >c-
o*io o*iai oo\ oioo"\0">oo*i









£ O tH a <N O O O CO O m o ^ o CN o m O fN O t-4 o <T> rH an ^ VO m rH fN O rH VO en -^ VO CO cn o o *^ cn r- CO ^J o CO o o o*rf O CO o lTi O CN o p* o ^ o tJ o P* o CN o in O fN o in in rn 10 cn r> m P- O VO cn p- in CN CN vo o CO tn x m ^ CO o p^ o in o
2 O CN o m o CO o o o rs o ro o •^ o *» o u> O VO o •*» fN ^o m P- oo cn r-i r-t rn H Tf fN vo m in rn vO CO *J CN rH in o fN o in o
2
O VO o VO o VO o r* o p^ o p* o P- o P* o vo o in o ^ p* rn P- m r^ rn CO <» CO T CO -rj CO -^ CO 'd' r- m vo m in CN o 'O o vo o
1 1 1 1 I 1 i i 1
'
• 1 1 1 i i > 1 l 1 1 1 i 1 1
O vo TJ> m (N r* rH vo rH o c^ cn vo CN cn "• o o 0"\ p- CO CO o 00 o cn o vo o in O a\ O rH o cn o o o o o cn o P- rH cn T vo m
m >-i 10 r- P* a r* p* vo r- p* r-i CN O UD P* CO ro ao m vo o r- o ^ O r-i o r- o m O T» o vo o CN o in o r~i o m in m VO cn p*
CN vo lT> r- CO cn •h o ro >-! -^ CN vo ro in CN VO CD ^» fN H in o CN o in o co o o o fN o m O T* o <P o vo o vO o ^ CN io in r* co
P* rn
1 1
p- ro P- m 00 ^ CO ^f CO ^ CO
1








o P* o p- O P- o P- o VO
l
o in o •rj> P* m p- m p-
cn cn in in in in o o r* P* o o iH iH in in in in ^» t? m en cn cn in m in in o o r* r- o o iH r-i in in in in -^ ^J m m cn cn m m in
in in r- p* 10 vo o o ^ •^ o o in m p* p* m m m m in in in in P* r- vo vo o o ^ «* o o in in P* P* m m m m in in in m p* r> ^o
-y -j. rH rH CD 'X> LO LO cn en iH H in in a\ cn fN fN on en m en *t -^ H rH CO CO in in cn cn t-i iH in in cn <T\ CN <N en a^ m m ^ ^ tH rH CO
CN (N ^ T in lO p* p~ CO X o o ,_, H pn n CO CO m m o o (N CN ^ ^J in in p^ r> CO CO O O fH iH m m CO CD m rn o o fN CN T t vn
m m m m M m m m m m «f •^T -T r? T o *» t» in in vo vo m m rn |*| m m m m rn m t* ^ <» ^* n* -t ^f f tn in 10 V0 m m m m m
^H H tH -H tH rH "^ rH iH fH ^ tH ^ w H rH rH iH rH rH fH T-i- H H H H rH rH rH rH <-) 1-1 rH iH *H rH r^ r-i l-i r-i rH rH ^ H H tH H rH rH
cn CO VO in . o o o VO uO 4 -t CO CO a on •^ m r- vo T en CO on o o r- P* vo vo O o fH tH cn cn o o o O cn cn CO CO CO CO in vo O
m m cn cn in m o o cn OS un u^ N CN o on in in m m 00 CO r* p> in m rH r-t r* r- ^ ^ t» ««» vo vo CN CN in in rH in in m m cn on in
VO VO r- p* en cn •"• <-* «-* •^ M CN rn ro m CN CO CO fN CN in in fN CN m in CO CO o o M CN| m m ** -c^ •^ -* vo VO VO vo ** ^ vo vo p* p- cn
m en
1
m m 7 m ^ "7 -r
*7
























m m m m en
CO CO cn en »0 p- in in cn o »-* H o~- on o O o on o\ <7\ P- r- o cn 00 UD in H O o o in in T» <» 00 CO o o rn m VO vo m O CO cn o o r-
r* r* T? ^ -H T-H P* p- r^i f T tJ vo vo CN CN in *» —1 rH m in m m Cn cn in in o o a> cn in in fN fN o o m in in in CO CO - p*" p" in in rH



















*t *f r? T -y -7 -T -C, *»
1






VO VO vo vo vo
Cn cn in in in m o o P- p- o o ^H in m in in ^ ^ en Ci] O Cri an m in in in o o P- P* o o rH rH m in in m TJ *» m m g
o cn cn m in in
in m r^ r- vo vo o o t? -? o o LH lO p- p^ m m m m LP m 2 in m p* r- vo vo o o ^ ^ o o in in P* P* m m m rn in m in in p- r- vo
*» ^» H H CO CD in in Cn o\ rH iH m IT) on cn fN fN <Ti OTi m ro T TJ T H H CO CO in in cn on rH rH in in cn cn PN CN cn cn m rn
CO
'T Tp -T H r-H 00
v- CN cn -^ ^ m LTl p- r- CD CO o O iH m m CO CO m m o o H fN N ^ Tf in in r- r- CO CO o o m m CO CO m O o CN CN ^ t m
tn m m m m rn rn m m m ro -J ^» ^ T? -j" *7 *» *» in in vo vo z en m m rn m rn m m m *» •<* ^r t? •-j" rj> *? -T in m vo vo m rn m m m
£
rH r-i rH r-4 rH rH H iH H rH •-< i-i rH M t-t r-t rH rH rH r-i t-i rH iH tH tH r-i rH H r-i rH rH r-i
O o O O o o
a- a. -
e§ V> rH H </> rH H
2 \& r*. CO cn O rH cn m ^* in VO P* 00 en o ^H fN m *r in vo r- co en OHN m •-r in vo r- co en o rH fN m tj m VO P- CO cn O rH <N m •<» in vo r~ co cn o rH fN
CN (N cn CN CN rg fN OJ <N rj m rn m en en en rn m en en ^J ^» -^ *» -y ** ** ^» rp ^ m m in m in m m m m m 10 vo VO vo VO vo VO vo vo vo r- r- r-






h*>-»t-**-*t-*H-, MI-*l-*H*l-J t-i H, H1 Ht-, *-*MH*H





-o-oonLJij-ivOLntOifc*cnLnvo to en to to i-
1 o
o\ w w oo u p ODCDtOHvJ^WUl
00 Ul LJ Ul £>. <J\ m .owyiHcounoo
o o O
H H I-" l-» H H H h-1 M t~*
On <T> in in i- t* fh t* £- £•> UJ LJ LJ LJ
en
o o LJ lj 00 00 LJ LJ •-* *-* o O 00 X J -J yi
LJ LJ UD vo to to VO VO L/l Ln H (_. VO vo tn i n oo
Ln Lfl U) LJ LJ UJ -J -J Ul in O o £k t*> n a m








VO *k CO LJ 00 tO
en *> o ** lj vo




















to oo to VO 00 o




i C» £. LJ LJ
oo Ln co lj t-« vo en
Ln oo Ln to vo Ln lj




(-> h-* H* t-» M M t-» l-» M M
LnLJLJLJLJ Ul ^ LJ LJ LJ
H1 vo en ** lj toocnLnLj
s] WH03U tO tO vOUl <*
o> ui vo h o oco-OLncn
oo *» ui -o i-* inpoovo
en to -J oo en
*» o **> oo **
t-1 -J vo Ln to
o H Ln ** ooOW WtOH
ui to o to 00
uioujvovo vo vo p uip
ouiMcnvo LJ -J O O -J




PtOHHO o t-* o o vo
oo p a> in os en to vo en vo
oooocnenLJ ^ w c^ vj co
oouivovooo w co a\ h to
vo o o vo vo
WIOOslH
vo oo on -J to
** 0O tO LJ Ul
00 VO VO 00 00
I-1 LJ h-» 00 tO
£>» oj ui -J en
omoifr O
en oo oo -o -J ui -o -o -j en
OOWtOVOCi. CM* woui





t-> i-* i-* o o vO vO VO VO CO
MLJO-JO on vo -J ** oo
vo-Jui-ocn hj cnowt--'
vo m oo o en enoto-Jui
00 CO CO CO o
O Ul LJ H* Ul
lj *» fe o enO CO & ^ to
en -o en en on
*» M VO -J LJ
<*WC0s]O
tUUlUlUlUl U>£fc£fctULJ
oo -o en ** o to lj to h* -J
U1H H W Ul UIOUIOVO









CONOHHH O HCO 00
m iH <» p- r*
HM(NO)(N
VO O *» O P- (N^O Ti CO o
woi/ioi/i inn h Hi/i
r-rH(Nm<N o tj vo r- co
r- o n <» H
m r* cr» H *»
cn ^ •«» co o
vo o ^ 'j m
in rH m in o
in r-- cn o voHnO^rl
co ^> r» cn vo
«)0 COHOi 00(NOHH
vo r- in p- cn hohooco
o r- © m rH mr-*^r~-r-
m <» *^ *» m in in in in ij U3 vo ^r- y) r- co co co co co cn cn cn on O O rH rH rH rH CN CN CN CN
vo^ r^ H H
on m rH o cn co m cn cn cn
^» r- *» cn «-) o p- ^» r- coinon^^ ^» m cn rn co
vo c-~ r- p- in P- P" CO CO VO CO CO Cn cn CO
I I I I I I I I I I
r- ^ 10 in o in m cn co ^\OMnn ^j cn p* vo co o\N0OHM H HhOOlPO
ON ON O O cn
MH^OOfO
co r- vo m **
en 10 <n (N vo
on o o «-t o
cocriChinco m p- cn rH o
m vo 10 co co o\ vn vo n m
co in co h co vo *» p- «-h rH
OHHINH HnMnin
r- co *» co th
m oo cn <n mh (N ^ t> m
inooi/iTj looimr*
p- o o r- rn o\^) nm ohjihomj^ cmj^ n o m
co cn o cn in cn m cn r- rH oioonin HMn tj co p- co «* co rH
iHCNromr^ tjco^o^ vo in p- co o oh <nin io n co m cn n
cO'jinHO vo co p- cn vo <» m cn cn cn m co h rn r- <h cn <* <* m
m in r- rH cn cimiooM m -<* vo cn rH n ^ in co h
nmm^*in mmm^in m rn m m in m m m rn in
HrHt-(HrH HHHHH rH rH rH rH rH rH rH rH rH rH
n^O'JrlH
^f o cn r- co co




in m ,_( cn ,-t o o CO 10 cn cn o r- ON in p* CN vo f*> o CN in *7 in co ,-4 CO cn m r^ ^j CN -5* cn m ^ cn ^r CO m m in in in m rH en rH o o cn
cn r- oo CN n m r- rH m VO in LO rH cn <* CO ^ o VO P* in ON ro *» o ^? VO o H cn *» CN vo rH cn m CO cn r* cn vo CO CN P* CO CN m m m
i-O O vo on H H
II
r- CN CO CN •* vo •J »"• vo rH m p* cn cn in o CN CO r-\ CO ^ <7\ CN cn P* vo m CO rH cn CN ^ rH r> O O vo m O lXJ cn rH rH
II
r- vo
rH CN CN CN pi rn V0 vo r- P- vo ^ r- r-* 00 CD p* in r- CD cn ON co r- CO on cn O cn CO ON o o rH o o o rH rH CN CN rH rH Ol CN CN m m ro
tH rH rH
o



















r- rH ^ CN CO i o ON in r* 1/1 m o in CN VO r* cs CO CO f-l CO m rn VO Ln vo
<* CN un cn m „ vO r» r- o « r^ iH 4 m ("J CO o m
CO o CN CN n r- in '-O a 1/1 cn in CO a\ r^ r* r- *? o CN ON a •H CN CN vo rN CN -7 ^» O in in P* o VO r? CO cn o cn 00 O CN CN m p- m
in p- CA m vo (N
CO rH





cn m ^ vo m o CN m CO CO o CN in CO o r-* o cn in r- cn vo o CN vo CO in o CN ^» VO CO in CJ CN ^ u-i p- <f O CN m 10 m o
g
CN



























a i i i i i
> I-1 P> P> H* P*H WW WWW pplOtOppOOOHOO^XD^OVCiJCDOaJW)^ CD~Otn^J0OCO-J-J*^CT»~0-JON
cowaiwoLn^^vi 1MMVOOiOW(TlOO^H^W^H03W^-J\£)WvO
OHVOHWUiyiUlWJlCDfc^^Ul^^W^^^W^^
<J\ p" ** (X\ ** to CO
\o p* ui i_n en ** p*0DUl*»i}lWOWl^W-JUiy)00OVOO'0
55555 sss^s sssss sssss s™s sssss ssss
U» ** *» tO P4 -O W P1 CO W (OW^O W*»
gj to to ao oj a\ ui vo h* o ooo-Jt-na\
p* CO *> CO -J OD ^ LTI JH LnMOOVC
<J\ to -J 00 <J\
£* o ** 00 **H -J >X>Ul W
nJW WIOH
Ul W ONJ 00
yiO WVC »0 VO »J> P» Ul
O Ul H <Ti *C Ui-JOO
^J Ul ^ O <T\ tJ.0100
MM !3 (3 H p* p* p* o o vo«>^>u)co oocooooo-J en ^i en en c* ^. (Jl LH I_n Ul
•J ~J ** P» W t-»UJO-JO
CO CO P* O P* *i> -J LT1 -^J Cftp p o w cd **> p* co o en
<7\ VD ^ ** 00
P* en O W P»
Ch o w *o ui
oui wp in fcp »o n) wW *i ii O Ji fc W CO -J O
oao*h*^to p *i w o -J
CO -J 0\^ O W W WP
tjipip*uttn uiomo
o co vo en to en o ** o
CCCE£ PGPmS SPSS* iSS^i <™a>oo ^oooo^-o
p* p»
-o *» en co p co in cd
OJ U» Cn cn <o CD CO Cft Cft w
OP*VO^JLn co m vo *o CO
ff> w >oc^ >o
fkWO\-JCO
U> CO CT\ P* to
WWO vlP
vo co en «o to
^co wuai
P W PCO w
** gj ui -J cn
coujto^o** cn ** w o






fscNvoor-incomTj'cD (N co ^n h co in cr> o*\ cnin p- •<» cn cn o p- ** p- co
in o m •<» *£> rf o\ Mnco
p- ^» vo in o
vo r- in m t»NCOHPIH
mn(Nco^j
cn P* ^o co a\
CN rH >^> co m
cor-^n ^
c* 10 cn cn \r>
co m cmd co in p- cr\ »h o
m \o vd co co ct» vo vc m m
OOin 00 H CO VO^Jt—iHrH
vo p- P* r* m p- p* co co vd CO CO CT\ CTt CO d c» o o o\ (J\ O O <-H o OHHOIH
ocnooocnocoor-OIOOCSO'JOHOUI
op»or-ov£>omo**
mvocnt»p- cn <x> o\ co o
r- p* cn p- m mnnHin
P- O CN CN CN o 'j U3 r- co
p* O m ^» r-iO p- co ro *»
ro p- ON iH **
CN «» "* 00 O
\o o ** *» m
in rH m in o
in p- (N o \o
rH m O VO rH
co ^ p- cn <x>
VOOCOiHCn COnOHH
u> p- in p- o\ hohcoco
m «* ^ *f ro in in in in ** io io u> p y) p- co co co co co cn cr. cn oi O O H rH rH H CN CN CN CN
HHini/imiri'j'jfnfntninp*r-nmnminm
inmcncncNCNcncnmrn
voOtHin-r# \r> o ^* in p-
p- o o r- rn cn vo rH in o
Hin Hdo cn cn m o in
CO CN o CN inHcsnnpC01U1HO
m v£> co CN m
iH iH rH rH rH
CN in 0\ P- rH
^COtJO 1
VD CO P- CN ^O
oiooHinloinpcoo
<* m cn CN CN
HPl/1^00 P* CO ^ CO rH
























|-> M <A h-> h-> <A t-» h-» v> t-» h-» v>
GO 13O O M M l-» H
CO • *0
O O H» I-1 ^ ,_,
CO *T3O O H h-1 M M
CD 13
o oO H H-1 H" I-* o H H H H h-1 H l-» I-1 o M M M h-1 H-> H O H H H H-1 H I-1
m cn en 01 m on m on on on on 01 on on m on On o\ Cn 01 on o\ On cn
s
Oi o\ en m on cn m on on cn on on on Ch
o a o o O o O o o o o o o o o o o O o O o O O O o o o O o o a a o o o o o o
CO to to co
to UJ UJ u> to u> u» ui -O to Ul UJ Ul to Ul Ul Ul -J to UJ Ul Ul to u> Ul *J Ul Ul Ul Ul <.~j UJ Ul Ul2 -j o to Ul -J o to in *2. •o O to ut -J o to Ul 2 -J o to Ul -o o to un 2 Ul 1/1 Ul Ul Ul Ul Ul Ul Ul Ul ^ Ul Ul Ul






















Ul O -J i^ UJ O -J t*
II
tO *jd un tO to VO Ul to
II
Ul a -j to Ul o •o *
II
o o CJ o o o o to un to to Ul to to
M to UJ fc. M to U) a^ to -J UJ «JD Ul ~J UJ to un to H to Ul ** M to Ul J^ to o o o o O o o Ul h-» Ul LP M Ul ui to
N Ul U> c* r.n Ul .£. tn N ro co 00 <T\ OD CD CO Ol IS) UJ Ul ^ un Ul Ul iU Ul N O o o o o o o 01 £i <x> CD on cn
**] O ^o CO -^J o UJ 00 -O o **i h-> to CD H1 to UJ CD o ^ CJ <£> CO -J o vo 00 •o o rq o o a o o o o 00 CO CD CD CO o
o M o M o H o H
? ^ '^ g?
> 1 1 > > >
* 1 h-1 ^ h-» * ?>!
UJ to \o ui to M vo un to U» o •o <U UJ o -J it* (-» to vo ai to to vo Ul to to o o o o o o o *i o i- £>. O to *"
nJW*OU1*JW*OU1







to Ul Ul to UJ UJ
\0 M to \0 H1 toP^H h* on M
to u> ui to Ul Ul
\£) H» to VO H1 to-
m cn m k on m
UJUIUIUJUIUJ Ul U Ul U W Ul
muiuiuiuiui uimuiuiuiuiOOOOOO Ul Ul Ul U U Ul
cn -o \o on -o vo
CO vo o CO vo o
Ul to Ul Ul to Ul
o on to o on to
CD CO CD CO CD COHW Ul H* tO Ul
OOOOOO to to O ** to o
on -J vo on -o vo
CO VO O CO VO o
Ul to Ul Ul to Ul







on *o vo on -J vo
CO vo O CO vo o
Ul to Ul Ul to u>
h-> -J to I-1 -J to
o en to o on to
CO CO CO CO CO 00
M tO Ul H W W
OOOOOO to to Ul to to Ul




m *» in m *» mO <7\ 00 O en CO
en r- vo en r* vo
m o vo m. in cn on vo
CO O rH f) ^> CO <7\ H
in i-h vo -h rjr*(Nco
nvo ooh minooo
^» o r- ^*
Tf vo r- en
*t on «» en
vo m o o
on tH m ^»
oo *» en ^
«» r- on cn
«» o i> ^»
in r- co o
o in o vo
<* r- on (n
oo in cj on
o cn ^» in
cn r- oj r*
in r- o <n
oomcNcn ^h ao^j
mr-ono in r- co o
m co m on *»on^*o
m <N i-t m cn «-t
CO CO CO CO CO CO
(N vo O tN VO O
in o on co r-vo-^m
^mmvo vo r- co en
vo vo vo vo on on en en
rH o oo i>OH H(N
o o o o
r* o m vo
(N o en oo
co en en o
r- r* r* co
r- o n vo
(N rH On CO
co on on O
r- r- r- co
r- o m vo oo rH <» r-
I HHH
rH on co r*
<n <n m *»
o co c- m ^mho
coaocno tj in vo r-
mininvo r** r- r- r-
aor-i*»r- ooHTjp-
m r~ cn vo inoico
oo r» r- vo vovom-v
<h o on co CMrHOcn
in in <» tj
(Nr-iHin rHvoorj
nMotri ocnonco
O vo in •<» cNoenco
vo iH in en
o o on co
oj i> «-t vo cn vo o inNHHO rHOOCn
woonoo co o vo -*
r-rHvoo in en m cofl^mci on co co r-









^ m <n »h t» m
co co co ao oo oo







m co m co m ao
in <n o r- in <n





























1 U) CO VD






O O H* l-» M I-* (-*
y)OH(OW«)OPN)Uyio\-J(D^OD>i)OHtOLna\NiWW(i(tiLnWW*»^iJlPHIOtOWHHWtOWLnaiOl|p<TiWa3UiHO\WCOWW-JlJCO*»tJCOW^LnUJ(D^
'003LnWWU)-J^K)tO«5Nj. 1 O ~J ft <T\ I -0^H00Ln0DUltO«3OlU)O\'
<J\HO\W vj
•J ui w Ul w



















^ O tO t» Ul <T» -J VOOHW CDWOH\ovoo h (o w w ftui a\ci en -J -o coOOM-1 Ul H ^J tO CO ft O Ul CfttO-JU>
US ^J ft HkO(^*» O CD Ul W |-» CO <J\ W
i^ ft CO v^ ft vd ft COtO-OtO MO\l-»UlW h"» VO \£> -O 0> ft MVOCOCh UPO00
o w en ft -o o ft en *£> to ui wo\ow
ftftftftftftftftftftcncnenencncncncncncnftftft
ivoco-o.cnuiujco^Jcnuiuiftwtoi-'co^jchuiftuiftwlOwuifTiOtowui^ow^^-oyjiiui^tBys^Ln^j
iXHH MM H» l-» Itotoo-Juitotoo-Juitowoaouiwi
CO VO M tO
sl-J WWOUl^fc
fc f» i.n fc
to to o \o
W ft Ul en
^ CXJl-O
O Ul M 00
CO CO \D O
'O -J\o U\ W O v]
ft fr ft W
CO -J CTl -J
en -J vo ui




UlUPOCDUlWHOU)t0O>C-0UII0OCDvlUimuiWHV0»0-Ja»^t0t0OCD>)UIH^JOWHfc-JOWW en O Wen I—* ft -JO '"' - ' """^ '"* "* lrt "* lrt k * * ™ «->••* •" ** •—» **
)WCOtOWCOWCOWWCOtO -o toi^uiwHiovo-Joi^wtooa) -JulisJowo\*o^vcwuiojtouia)H*k
>X> O H W \£> O M W UlCn-JCO (D«)OP
cocovoo cocovoo cn-j-Joo cn-J-Jco
ft vo ui t-» ft wuip feo (T\H ui t-» en to
ft ft ft ft
Ol-JCOVO MlOWft -oco VOOOMMtO 0D 00 ^Q <0 W W ft ft
o\h»jw m -jwoD h> en to co
-O ft H* CO






» C I l-» MW O -J ft wo
-j-j-j oooo >£ « vc vo cncncncn
vovdco whp o \oco-jcn cnmuift
VDOtO nJCOOP WftCn-J COVXJOtO
VO V£ ^ V£ D y) yD MD
co-j-jcn co-o-ocn
v] ^ o to -Jwo w
wcowco wcowco omoui
^•ouift vo-juift cnftOJi->
tO Ul 00 H tO U100 H Ul CO I-1 ft
M M M I
KO VO VD l£>
Ul ft w toOHUft
S0\O^OV£ COCOCOCO
\o v) oo o -j en ui ft\OOMW MWftUl
(OOslUl WOCOU1 WOCOU1 WOCOU1
cnMcnM Muiom t-'cni-'ui omoui
en ft to h o^o-vjui wtooco en ft to i-*
to ui oo h vc to ui oo -»j o w en w en ^ to 5?
I
64
CN rH ON CO » tN H W
co m mo in vo t— r-
r-r*-r-oo oooo
r-4 ON CD P- ocor^in
CO 00 Ot o
mining
^(N ho in ^jn h
t» in >a r- ^* in vo r-
i-* r- r- r-* cocococo
m i-i o cn
r- co cn cn
CT\ CT» <T\ <T\
*» ro .h o
fN rn t» m
cn cn ON cn
in 10 p* r-
NOOM*-
10 r- r- co
ON ON ON ON
CO rH «3" r-
ionor> ^* o r- ^*
cn rH m ^* in r*- co o
co *» cn t* o in o ^
co in CN ON
o cn <* in
cn r- cn r*
co in cn on
in r- cn o
ro co m on
COrl^JP-
^jh co^ cn cn to ro
in r- co o rH cn ^ \o
^» cn t* o inomo
co in cn on
in r- on o
in o in iH
co h ^ p-
I HHH
I I I
rH CO in CN
rH CN ^ 10
rH 10 rH \D
t> HCD in
i-t f*l ^» \0
in o in o
in r- o cn
vo rH in cn cn r- rH 10OOOCO (Nf-tt-tO
^rOHO HOCACO
in r- o (n
cn *0 o in
rH O O ON
COP- lOf
in r- o cn in r- o m
r-rHvoo in cn m coTf^mn cn co co r-
^nrs h co r- 10 in
mcoon
CO CN \0 rH
^ *» ro m
o cn co r-
co m r- rH
cn cn co co
m r- w vofSHHO
cn co r- V0
in r*- o cn
I I rH rH
i i
cn \0 i-t in
co r- r- 10
rH o cn GO
** r~ cn cn
h\oo^ Hincnrj
co r- r* 10 o w coco
cor^u>m roHOcn
in m in in
rn ci m m
i-i iH rH rH
*t *r *r **
co co r* r> nmmm














oooooooooooo^^^^^^^^^^oncncncncncncncncnonuiuiUliCUtOHO'0(Bv]aMJlfcW(OPO ,^a3sJO\Ul*M*l(OHO>i)(»>< VI VI VI Ul VI VI Ifl Ul VI VI VI Ul Ul Ul Ul Ul Ul Ul Ul Ul fr ^ fr fr ^ ft ^^CO^CnUlftUJtOt^O^OO^OnUlftUJWMO^OO-.JCnUlftUI >hJ O^CO^JCnUlftUitO»-'0^0









on t-» en >-* ui
O m ft -o o u»









ui en -J oo
•O 00 CO vc
00 U> V£> UI
-J -J -J -J
HtOWft
UI U> ft ftO0\PsI
ft on -J oo
vo O O (-*
ui o en (O
00 \£> O HO M M tO
en i-* -j to
o I-* U> ft
\o ui m en
00 \o o to
CD VO VD O
ft o en i-1
ft ui en «o
H WW WyiHOW
VDOP W
ft ui en on
co ft o ui
ODVO O H
en -J -o oo
on to -j ui
\*> o t-* w
CO 00 \o o




-J ft H» CO
*J -O ^J >J
-J en ui ftO M tO ft
-O ft h-» CO
en ui ui m
O '-O CD CD
ui -J oo o
-J ft H» 00
W U> U> UI
ft ui to to
o o o o
-o -j en ui
KO t-1 to ft
00 ^J *J *JO \D VD 00
00 \£) M tO
en u> o -J
00 -J -J *J
o KO VO CO
00 ^D O tO
o o o o
to H» H O
-J CO O H
U> V£> M> V£>
vo oo -j en
u» ft en -J
en en on en
on ui ui ft
00 vo o to
UJ 00 Ui oo
KO
-J UI ft




u> o -J ui
O ft U> ftO 00 -J UI
ft 00 h-1 ft
to O -J ui
\£> Ui 00 U>
V£> W U1CO
to O -J ui
-o to -o to
UI ft to o
VO W UI CO
to O 'O UI
en o en oO 00 -J UI
ft -O O ft
ft \D ft CO
ft U> H* U)
-o o ui en
ft VO ft 00
ft Ui (-» lO
-o o w en
VO ft \o ft
<x> -o en ft
ft
-J O ft
oo to -o to
h» v£> oo en
en vo to ui
t-» m i i
ft (-» oo ui
\0 V£> \o \o
oo -o -o on





vo pi o r- co in cn on h oo in m
ooocNm in m^ o i-h cn ** vo
mH«>H inoinn h« hio
mcoom incoom in r- o <n
r- co on on <n pi ^i» in
ON ON ON ON Ov ON ON ON
"» h co in hco inn h oo in <n
i-h pn •<» vo ^» in r- on ^» in r- on
in o in o oomoom co pn co p>
cn o ov co r- vo *» p-> hocoi^ m o o\ coiin mvo 10 r* co <?\ o h h m co o\ on o
\& \o ko \o on on on on oooo r*r-r-*co
co i-i •«» r*
^* r- on <n
PN rH o ON
(N m ** «»
rH rH t-l rH
n «) co h pi i£> co rH
(Nomr- cm o on r-
vo r- r- co vo r- r- co
ON ON ON ON ON ON ON ON
in co hi m co h tj
•>» r- o pi r- o m vo
pi o vo pi in cn on 10 <<* o r- <* vo pi o r>coonn vo co on h *» vo i-- on mdni^
in rH vo rH cn r- cn co «» on ** on co •<* on «*
pi in co o *» VD CTV rH t* f* en cn
CO m P- H nPrl^O (NIO Hin rH VO O ^J rH in ON ^ rH in on *»
m en co 00 <NrHi-*o co r- t-* vo co r- r— vo o en co co o on co co












^ 00 rH LO O ^T o\ LO o «f X m un <7t M CO CN -^ 00 p"» r> <N PI DO CN 10 H m X! CN vo rH
CO r- 1/1 -7 m EN r> r> 10 m U"l m N <N H m OJ CN in T "7 PI P*l in -? •J PI PI
r> VO IT * pn CN H ON 00 r* to in cn H O ON CO ON CO r» 10 in pi CN -* o OS n CN rH o ON
._ ON ON rH rH H ,-, H rn rn rn m m X) CO CO r- r> m m n ro rn o a o a ON o O O o ON,
r> m m ^ ^» T «» -* o -j -? <* T T f -? a n u-i u-i in in vo vo vo vo in 10 VO VO vo in
ri --H H *"* f-t H ""* rH H r-t rH rH •-1 *H rH rH *H H H •"• •-* H H rH ,H rH rH i-4 H i rH rH
p-i r> cn vo moico cn r- <h in hioo ^
co r> r* vo vo vo in ^» n cm oi H oononco

















PJ P*P*P'P*PJ PJ P*P*P*MMP'P*P*P*P*p'p*MP*P*P*P'MP*P*P*P'P*P*HPi P*P*P*P*P*P'P'P'P*Pi P'P'P*P*PJ P^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
^(DJ(^lJ1^WN)HO^a)'J(7\^fcWWHOWCOv]m^^U|OHO^a)sJa>UliklJ|OHO^tDvlO>U1<»lJWHO«>(D-J<ftLn^U
PJ Pi PJ PJ MPJ P'PJ PJ HMHMP1 MP*P1 MMMP*P*P1 MMMMP»PJ P'P'P> P*HP>P'PJ P*P*HHP*PJ Pi P*Pi PJ PJ MMd 0\ <J\ U"l CTi CTi CTl 0~> U"l L/l U1 'S> LTI *i £* fc- £* id. £>- £> £» t. £i £> £* .£. .C £> LJ W UJ Ul id U> L^ OJ IjJ U»UtU>U>UJU>UIU»U(U»UIU>U>UJUIU>UIU>U>UIOOOU30000UiU)UJU»L^^^CDOOaOU>WU»U>U<MHHPJ P*VO\O^O^OOa3COC^
HWW\OOHWUuiO^^(D^ai^OHWU10\NjCO^HIOW^aia\Nll»^H^^siaj«OHIOUUl^^mNlCON]CO«)OPOHWUJ
WC»U>P>0^WCDWtO^U>a3^NJC0WV0UlU»a3^OLnUjidO^P*a0^U3LnO
vjcnfotoO'JaiiOLjooDuiwuHaj^Wi 'voo^^^mujo-v*^^! 'UJ^^t'H^i^^^P'iJi^^^HODm 1 i U> P* 00 Cft I
aiHLnO\Ha\H^WO:N)s]W^^CDWCDWCOU(CWW£OWCOWWCOW^IOWv]W<OHHCnHmHOLn^^^03WCOWsl^HO\HH003UlWH0 05WO^vJ^WO(C>JUia\yiWh, WWsJ^^WNJOCDN)Lnm^NJHW^^WPOKOaJO\(Jl^^tOH>00(»N]Ul
vJOWH^>JO^W<^OW(7>HAJOWNlOWff>^^\OKJUl(BW^©PibW^VDK)Lna3Hfe^OCDH^JOUiO\\OWyiUlVDMUl
'Ovl^vJfcpa)Lncoul^JtflO^ , c\UJONjvoa\wo^^^wosivDO\uiosii o>uo-JODuiNJu)cr\ODLnwvoa»(Duiw>i)
^{iii^^&A^mma\^a\mcnm^c\^^^^^ai^^^^uJi*JUuwNJMiOMNJHPoooa>cDocoa}^^i^ijiaiuujtoto
^o^Ln^co^^unun^u>tOPi co^o^Ln^LJi^u»tONJO^CD^cn^c^Lnu^iji(^^wuuio>^u^o\v)^Ai^Njoo^^ui^flOOW^^^^Lnv3moH^ui^(PO«PlOfeinHW^Ln^WLn(^cD\oK)fci^
p> p» p* p* i—• «—' t—* i—* i—* j—^ a—
^
W UJ U> U> !jj ui w ijJ ijj u {_»>
L/iLni_ncn uu&^ to to to
o p* u» vo o p w
CO «X) O CO CO vo o
>X» Ul H ** ^O L/l p*
Ol Cft vl CO COWOH
C\*-J*JCO 0\-J^JC0
*^0 (J\H U1H ff\ KJ
CT\-J0DVO P» tO U) ** -J CO \0 OOH H W CO CO »* \0 U> L*> tf* **
(7\H -O U HvJWCD H ff\ W CO
UlCh^JCD H tO W ft
-J 00 00 vO U> U> ** *fc
CO WU)U1 OCT\hJ -J
** O -J CO
VO O O P»
Ol o Ch to
CO^OOH OH WOHHtO 00 V£> O
CT\H -OtO lO Ol H
oocnw p» co c* u» to vo -o ^ too-Jin uo coin wocooi w o coui > o n] ui too n)ui to o -o m too -oi/i tovo-j
Ut CO U> CO
>£
-J ijl Ci
to en co p
omoui




\o to U1 CO
uj to O COJOUiON
OUIOUI o ** ^ **
CT»**tOM O CO OU1
u» en vo to *» co p **
\ou cou
o «) oyi
^ to Ul CO
-o to -o to
i_n <*. to O
vn to ui co
Q\ O Ul O <* <^> **O CO -O IJ1 6 WH
**
-J O *> -J O UJ
p co in ** p> co ui
\0 VO ^O VO VD \0 vO
-0
-J C\ CO -O -J 0*\
vo O tO -J "X> o to
ChWO-O ^J ** P* CO
M P* P* M P»P*MP>
** ** u> to ^ o en tn
\£> O P* U) VOP*tO*fc
-o ** P> CO
.j3 v£> v£> >X>
IjIbUtO
O P* Ui £t
o*»p CO
« ^ VO U)
VO U)CO n]
O *» P CO
CO CO CO CO
^J CT\ L/l *^
P> U) *» L/l
-J *J -J -o
-o en lti rf*
onto*.
0> L/l L/l L/l
O VO CO COUlOCOO
-O ** P1 CO
UI U> Ut U)
*>. u» to to
vj co yD p
-J ** P> CO a\ U) o
O O O O CO -J -J
-J -o cr\ un o lo vo





















o O o o o o
o O o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
.£ r- connco ^m ao r«"i m co *» <*o•-
co •^ CO 00 -^ CO CO ** CO CO «^ CO CO
5
2?
a\ rHLOiOt-tinin h in ui h in in o o o o o o
Ol o o o o o o
*» in cn (N m cn <n in cn cn Ln cn <n C o o o o o o
r-t iii iii •H
to
o o o o o o
01 o o o o o o
ID
CT>
o r- r- o r- r- o r~ r- o r* r-




m O ** •<» O ** «» O ** rf O Tt *f a o o o o o o
o o o o o o
•H O^^jO^t? Ott^jOt?^ u o o o o o o
•H ll ll 3
0.
o o o o o o
c (TV <T\ a* <y\ r"l CN
1-1 •H H
** n n n ci ci n fi fi n ci n fl M
CD i/iintnin inin in in in in in in o
o\ f> m m n fi i*i f*i ci n n n ci o o o o o o
a o o o o o o
CT\ oooooo oooooo u o o o o o o
\n '^O 'C 'D '-D hJ) ^> ^£> '£> £> <£ '•£ '•£> o o o o o o o
iH^t-ttH^H^-i rH^H^HtHf-HtH o
H ^H ^ fH f-( W iH • a\ o\ a\ C7\ «» CO
r-l
m CN (7>OOfl0ffldm<TiOO(D03H01
00 0-i irnooinuiointfiyjo^iinoui (N (N IN tN r-\
*» ** ^'^0^'»0'**'<3'TO'^'^0^
i-H CN rn ^ tn \D
^-i \o }< <»^0'«»tjO'<»'*^0'^-^Ot>
,-. ,-i < III III
sQ TJ •o v o T3 n
o a a m a>
03 10 (0 CO to to CO
* H N O aoaoco«*mcocoaocooOTmooco co 10 to to to 10
m m VC^D^CO00^U>VO^^0000^VO i> 11 1> 11 1)
•H VO CN i/>inHininHi/iiPi/iHi/iiOHin u u o o u u
r-l o .H rH O H H rH OO CN (NMlOfN(Nl/ltNfNfNI/l(NfNintN u u U U u ^1
<-t ^-i ^ a a a a a a
as
o tn Dl di » Dl Dl
g
.-1 c c c c c c
-H •H •H •H
vi> ^ y O rnrornmmi-nmmrimrof'imm 11 0) 01 i) a 11
<-n ro Z ininininminininininininmin XI XI XI ja XI XIO CT\ r-> fififinr^ir^inr^r'iro p*i ro r»i c>
• inO o"» H H
* * * * « m
T- oooooooooooooo
in \o u-i 2 ^^OlOVOiO^kOVO^OCOiAIO^U} .* J< M ^: J< X
ri •H .-H h-l rHrHt-lrHrH^HtHf-lt-l^rHcH^HrHP JJ Ij 1J -1 u U l-l u u u 4J U
rH ,-H O O rHi-H^.H^H^Hf-(Z .* o X X >: o X o X
a CO U - 3 - 3 - 3 • 3 - 3 - 3
V> =-H i-H <A C i-> C u C JJ C u C u c u
.* a) Ji o M <D M a i; n m aO iH (N f—t rf U"> ior- D(7<OHMn«i/i^ot^a)aio HZU«10h1i,h C M C H C m a M C M CO O O O O O OOOO^H^Ht-l.-lfH.-t.Hr-lf-»fHrN m>.<<zq:wo o o o o o
i^. «H r-1 ,-H .H rH t-H tH«-HrHiHiHf-Ht-(^r-(fHtH^H^tfHtH E-iwzo<o<a:a. a, a. S Oi a.






































T) TJ TJTJ TJ TJ TJ TJ
CD CD CD ® CD CD (PCD
4J4J u U u U U U
D U ±J 4J uu u u33 33 33 33
xi .Q xi xi xi xi xua
;
ITJC13 ITS (TJ ITJ1J flltj
cc cc cc cc33 33 33 33
MM MM MM MMOO OO 00 00MM MM MM MMMM MM MM MM
CDCD CDCD CDCD CDCD
:
CDCD CDCD CDCD CDCD
^H^H r-{ ,-) —I^H r4*4
a XI XI XI XIXI X1XI
x»ja x»,o aa ,q,qOO OO OO 00
u ~ i-t ^ ^ u „, _








XI + + + +1 + + + + + + f + + + + + + 1 + + + +++ I+ + +I + 1 + I + I + I + I I++I + 1 + 1 + I + I + I 1 +
CD <H HfSn^^O)HHMn^T»MHH(Nn^^fs]HHMn^^(NH^N^HnfNlnMnHHHHHHHHMTjrnfNfn(NnMtNn
U O HHHHHO<7>(N(Nf^o^^lTlHnnnconHco^^tt(^t>oou^^^nlJ^^o\o^^^^^coH^^o^(^^^co(Nw<NO<NCNH














•O I 1 1 1 l + l 1 1 1 1 l + l 1 1 1 1 ( + 1 1 1 1 1 l + l + l + l + l + l + l + l I++I + 1 + I + I + I + I 1 +
d) rH HOJn(N^^HHMMrg^^HHMn(N^^HHf^nO)^^^H^MnHnMnCNHHHHHHHH^rSCNntN^tNnn(N
U rH OHHOHHfs^(NM<^0(NnHnnHcon'JCOTf1»co(7l'J^£)l/1lrl^r)^oy)^l0^^ocD^^HO^•(^^^^f,^cD(so^fsoH^^















T_ U r-\ tN n 1 LTJ^Dp-CO CTiOt-ttN fO «* 1A *0 r-C0<7»Or-l(Nr0*»U">^t'-00(7\O
<$ cCD
£













i-l H H i-l H 1
o O
n n H H H ^
c c C C c c
3 3 3 3 3 3
fi> f» 0) Bi m m
tr cr cr tr crtr
c c c c c c
rr rt rr rr rr rr
rr rr rr rr rr rr
a a a a a aO 1Q <q a <Q id













+ + + + + + ++ + + + + + + + +
COCNCNOIOOCDCOCOCOCOCDCOCOCOCOCOCDCOCOaOCOaOCOCOaOaOCDCOCDCOCO
^HrHrHWiH^tiHiHiHrH«HiHTHiHr-liHi-IWrHiH^tHT-H»-H»HrHiHrHrH«-li-( O Uj-H-H-H-H-H-r4-H-»-t-H-r-t-H-
n u U U U U
-r4 -r* -H -r4 ~r4 -r4
(Tj 15 fTj >Xl 'T3 TJ
a 3 as as as aaaaaaaaaaa
















w oi 01 w w r/i oi oi en w en w oi W w
p. p.p.p.p. H-t-^H-H-H-K-H-H-H-h*-
333333333333333330iOJ&i&iQ)Cu(U£uaiQ)p)fTrrrrfTrtrrrrrrfTfTrTrrrrrrrrn'rr3333333 33 33




<D it iTj it) <t) CD CD (D (D 1> <t) fl) CD CD it) CD CD
ooooooooooooooo
(D<D(t>rt)(D(D<D<D(D(Dffi©fl>II><D
OO'OO'D O'OO'DO'OO'O CD CD O'O'O OTJ 0*0 O'D'D'O
iI)iDCDflJCI>CD<DCDrDiDrDCDCDCDiD(DfD<DfD(DlDCDCD<D(DlD(I)©
Q>0i[UfliQiQjQ)Q)£kiEDQ)[})(U0)fV





















in ^ w rH
U O fl
M u







iH tj o r~ ^ i
a>
£71 Q, <* in -U
•OS a>
tliJ ^H
i-i <u 3H d(\(D










3 3 .-( o 3
XI C fi XI
id «
75
g **. to •£» (D
H- (-• m K tr
































rr Q, rr pi
• M ms 0- MS tr
i to IOTJ I-1 toTJ M
rD rr id rr
rr (D rr id
S a s a
** *>TJ iQ *»-Tj IQ









rr *» V iQ
H- I
a







m m ms tr









































n ID o 01 o oi 01 f) 01 o 01 n 01 O 01 o i/i ri 01 O oi
rr rr tu rr 01 a rr rr 0i rr a> rr o rr rr 01 O rr
1 B h 0> M i 0< M H 01 1 01 1 Oi M r< u> M n 01 H tu M c» r-t 01M NJ M 1-1 H M H h o M K h M H M tO M M ^< R M H H o M n H M M 1 H tO M M H( H M H H () M rt 11
a> rr ID rr 3 <D rr 3 ID rr ID rr ID rr 3 ID rr 3 ID rr id rr rr n ID rr
en m 01 a HI 0) 01 U! 0) w 01 in 01 01 IQ 01 in IQ 01 01 01 a 01 01 iq 01 01
•n o TI TI TI TJ T) TI TI TJ TJO O to o 01 to O pi rr to 0i rr to to O 01 O O to O u to P> rt to PI rr to to PI o o to tu to 01 rr to O 01
3 rr 3 rr rr 3 rr V 3 rr 3 rr 3 rr 3 3 rr rr 3 rr 3 rr 3 rr X 3 rr
a a H- a H- a a a M- tt M u. a a H- a
H- (U H- 01 01 K- 01 01 H- Pi M UJ H- 01 1/1 H- 01 1/1 M 0> H- 01 H- fll 01 M 01
o o u> 3 H- ui 3 p- W3 H* LJ OJ 3 H- O O ui 3 H- ui 3 H- ui 3 M- w w 3 h* O O OJ M ui 3 H- U> 3 H-
IQ IQ o> IQ B> IQ IQ IQ
rr
IQ PI IQ IU IQ PI IQ
«: *t rr * n- « <t * * rr 4t * -t* rr tt
ID ID C ID C ID ID ID C ID C ID ID ID c ID
o o ». a * a rr e. 0, rr ^ *» a o o fc a & a rr & a rr t* *» a o o *> U. *> a rr •& Q,
tQ M IQ M q IQ M =1 IQ IQ IQ N iQ =1 vQ IQ IQ 4 iQ








ID ai ID M ID u> III
3
ID to
o o ui' 01*0 rr UlTJ rr LH aiTJ o o LnTJ ulTJ rr UlTJ rr Ln aiTJ o o LTlTJ UlTJ rr UlTJ
o O O O
H- H- H- H- H- H- K- H- H"
3 3 3 3 3 3 3 3 3 3 3























n. a pi a a a. a U. a a _ q.
o o ^j 01 ^1 in -J i/i ~0 ~j 01 o o ~j 01 ~j 01 -J 01 -J ~J n o o ^i V) -o w ^1 01
P tu P 0) P a 1 0> % a P. 0> B. Oi P 0> P a P 01 3h»- 01
3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr
o o CD C a> C 03 C CD 00 C O O 00 0D C 00 C CD 03 C o o 03 C 00 c 03 d
01 01 0) o>
H-
01 M
01 Pd 01 PI 01 0J 01 M 01 M 01 01 01 01 Ql








M tO vo 1 * vo 1
1—
» VO 1 * u} vo 1
M
» M tO VO 1 -» vo 1
M
<t VO 1 -K
3 VO 3 to 3 M 3 O 3 00 3 CO 3 -J 3 01 3 <-• 3 £> 3 w
a a a a CI a a a a a a
H- M M H- H- t-^ M H- H- M
n o o o n o o O O n n
tt> 01 ft) 0> 01 pi 01 0> 01 a> 01
rr rr rr rr rr rr rr rr rr IT- rr
ID ID • ID ID ID ID ID ID ID ID
oi 01 01 01 01 01 01 01 01 01 01






>. « >. >1









>i >. >1 N >1 >. >1
XI XI XI XI XI XI XI
-o 73 •o •o 73 73 73
01 0) 01 IP 0) to 0)
> > > > > > >
O o o o
e E E e e E S
u jj JJ jj jj JJ JJCnn c c c c c a
-H M -H -H •H •H •rH
O o o O
a a a a a a a
IN CN
CO rH 10 to 10 01 a 10
a> 01 0) 0) 0) 01
Jj jj 4J jj JJ JJ jj
fl H rn fl fl fl rH rH IB 10 fl
O r-l o u O rH U u o
•H -H •H -H •H -H -rH
73 73 O 73 T3 •o 73
a o ^j r~ c r- c CA C O <N o e to c (N CH rH rH -H r-H -rH ^ -r-t r~i IN -rj tH -rH rH-H
fl to m to m to m to fl to fl to m to fl to fl 01 fl to fl to
3 CO CO 3 CO 3 CO 3 CO o o 3 co to 3 3 3 CO ** 3 3 3








fl 1 fl 1 fl -HE fl •£ fl 1 fl -H
to f r- to r~ to r~ to r* o o to r^ r~ n to to r~ in 10 10 CO
fl — 71 T1 fl 71 T1 71 fl TI TI TI
C C c fl a C c c C c C
01 to 01 to 01 to '11 to to 01 to IP to a to to 0) to IP to
JJ CO to XJ to JJ to jj to o o JJ VO CO jj jj JJ to to JJ jj JJ
c C c fl c c c C c fl C
-H •H H •H •rH -rH •H ~H -rH -H







Qiin am o o U.m CA a a am r» Ui a a
m 0) ** 01 in 01 CO r^ 01 CO 0) c\ <B o 01 CA 0) IN CD «* tD
rH Dl h rH Dl h H Di H rn rn Dl rH Dl tN Dl r-i rn rH Dl Dl
73 * « JJ 71 -» JJ 73 ^ 71 <» o o T) 1 O 71 ^ rH 73 71 rf CO TI 71 » 73 r-
01 3 01 3 01 CO 01 rH 01 01 CO 01 cv 0)
JS X) 3* Q Jt Jt * Jt # Jt Jt Jt Jt
Dl ID Dl a) Oi Dl Dl Dl Dl Di rn Dl Dl
•h c n pn -H C n -rH c n -rH C m o o -H r m •H C c> IN -H C -rH C m CA -rH r. ro <-t -rH C m (N -H C *o CN
fl -rH to fl -H to fl -H fl -rH fl -H rH 01 -H fl -H fl -H fl -H rH rH 10 -H 10 -H
fl -H 71 -H 73 71 71 71 73 TI fl 71 71
JJ C e 4J C jt: JJ c JJ C JJ a JJ C JJ fl JJ fl JJ fl JJ fl JJ fl
fl IN CM JJ fl O IN 4-1 fl (N lit IN o o fl O IN IN fl O IN m lH OCNH m O <N O m o IN IN in O IN n fl O m ro
a U a a a r-
1
a i I a a rH a-"H rH a a
to to rn to to rn to to to to to to to to to to to to to to to to to to
jj 01 c. JJ 01 a JJ 0) JJ a> JJ 01 JJ at U 0) JJ CO jj 01 JJ a> JJ CO
U M rH ^ n u IH rH u >H rH u U rH rH IN u ^ rH n u U rH ^? rJ >H rH IN M lH rH rH U M rH ro u rj rH •^ u u -» ^
fl tj It) >H fl H fl u « rj rH m >H fl M fl u H fl rJ r-i rH fl u fl lHU a o a JJ jj o JJ O jj O JJ jj o jj jj JJ o













c u c O
-H JJ •H JJ

















di a ** "^
73 S
01 JJ
rH aiN CO O
















Jr-J '11 -J— JJ
-J—' 'JV J—' iV
H atNIN H dlNIN rHaiNIN rHQ,lNIN
XlSrHrH XlSrHH XlS^I'H XlSrHrH
t3jj flu t3jj t3jj
Di C
71 0)





01 rH 1-1 E
. . . jj




CO IN no E
. . . xJ






C Ui tO £
a 01 Ill Si &LffPHS trpHB ffHP3 D-H 3 ty h 3
c to to £ C WHJ C to O t C wo ^ C wojC
rr • - rr • • • rr • • rr - • rr •3"Ht 3tow« 3 to u< id 3 to u> id 3 to ui id














































































H- to H H- to H H* tO
3 *> U1 O 3 ui ** to 3 to
a a a
H*- H- H*
o h» n M O
a to l-» w u> oi
rr rr a
ID ID •






















































^ t-> TJ IQ
o 3 n 3 n 3 n 3 n 3 n
3" 01 S" 01 P* Oi 3" 01 3" 01 3"
H- rr H- rr rr rr rr H-
3 o 3 n 3 n 3 O 3 n 3
IQ 3" IQ 3" |Q zr IQ 3" |Q 3" m
X X X X X X
c C C c c C
rr rr it rr rr rr
rr rr rr rr rr rr
Oi Oi 0i 0i 01 0i
n oi
rr









































£* i* TJ IQ
n oi
rr




to to o (u
3 rr
aM p. fl)



























rr Qj rr Q.
'S CT H r-H- rj-
JTj H to toTJ I—
rr id
S a
^ i* TJ IQ
O 01
rrHH »


































— JJ JJ JJ Jj JJ JJ JJ JJ JJ JJ
z: fl fl 10 fl fl fl fl fl fl fl
o CO CD CD CD CD CD CD CD CD CD
~5 </> </> </> </> <A </> </> </> </> </>
B >. >i >i >. >! >! >, >i >, >i
E XI XI XI XI XI XI Xl XI XI XI
•o •o tj TJ TJ TJ TJ TJ TJ TJ
CD CD CD CD CD CD CD CD CD CD
3 > > > > > > > > > >O O
_c 6 E E E E E E E E E
a! JJ jj jj Jj jj JJ jj jj jj jj
c c c c a c a c c c
-H -H •H -rH •H •H -rH -rH
o o o O
a a a a a a a a a a
n CO CO CO CO CO CO CO CO CO
a CD CD CD CD CD CD CD CD CD
jj JJ JJ JJ JJ JJ Jj JJ JJ JJ
fl «J CO fl fl fl fl rH rH rH 10 fl rH rH rH fl rH rH rH
u CJ CJ CJ CJ CJ U rH U rH rH U rH
-H -H H •H tH -rH -H
TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ
ro C in C CO c r- C 00 C in c 00 C O CN CN O C in c o CN O C- C O CN CN
<N -iH CN -H CN -H CN -H CN -H CN tH CN -rH rH ro -H CN -rH rH 1 rH CN -rH rH
-~ *-. .-^ -^ ,^ A „ ^ ^
4fc 1 4fc 1 * I 4tc I 4ft 1 4ft 1 * i mnn 4ft 1 4ft 1 a\ ro crt 4ft I a\ ro ro
-rl
-H H -rH •rH •H -rA •H •H -H
fl CO 10 CO 10 CO fl CO fl CO fl 10 fl CO fl CO 10 10 fl 10
3 3 3 3 3 3 3 00 •>» •<» 3 3 00 *» 00 3 00 -rjl -rjl
JJ C JJ C JJ C JJ C JJ C JJ c JJ c JJ c JJ C JJ c
fl -H
E *1 10 -rHE "t fl-g rO-g fl -g fl -g fl -He fl-rH
a CO CO n to CO co p^ in in to to r~ in r~ to r^ in in
tj — •a — •a — TJ — TJ — TJ — TJ — TJ — TJ — l i i TJ —
c c c c C c a a a a
CD CO CD CO ID CO CD CO CD CO CD CO CD 10 CD CO CD CO CD CO
IJ JJ JJ JJ JJ JJ jj CO CO CO JJ JJ co CO vo jj CO CO CO
c c C C C c c C C l 1 1 c
-rH H •H -rH -H -H -H tH •H
o O
a tt a a 0. a Qiin r~ r~ a Qjtn r^ in Q,m r^ r-
CN CD CO CD r~ a> GO CD in o rJ CD Oi CD <T\ CD O CD rH CD
2
CN Dl CN Dl CN Dl CN Dl CN Dl CN Dl CN Oi CN 0> ro Ol ro D*
tj TJ -"Cr rH TJ C^ rH TJ O rH TJ <1 rH TJ ^ rH TJ ** 00 00 TJ *» rH CO TJ "» 00 ^ TJ ^ CO 00
CO CD CD CD rH CD rH CD CD CD rH CD CD
3 4ft * 4ft 4ft 4ft 4ft 4ft 4ft 4ft
05 Oi Dl Dl OI OI 01 OI Ol Ol a
s
-H C H CnCN -rH C CO CN -rH C OI CN -rH C CN CN -H C ro CN -h c cn oi oc -H C ro CN CN -rH C ro Ol ro -rH C ro CO cc
fl -rH (0 tH 10 -H fl -rH fl -H rH fl-rH 10 -H fl -H rH fl -r4 fl -rH
TJ TJ TJ TJ XI TJ TJ TJ TJ TJ
jj c JJ C JJ c JJ C JJ c JJ c jj e JJ C JJ C JJ C
ro (N fl O CN rH fli Mn (0 in ft fl o oo m rH ro fl cn m fl CN O O fl CN CO rH fl O CN O CN fl CN O O
rH H a a a a i i QjrH 1 a, 0. rH rH tt 1 1 rH a r-i a rH rH
CO CO CO (0 CO CO CO CO CO CO 1 CO to 10 CO CO CO CO CO to CO
i~J CD JJ CD JJ CD JJ CD JJ CD jj a JJ CD JJ CD JJ CD JJ CD
CN ro M Ih rH CN H ICHr, W U "» *4" u u •<» h Jjoo U U rH •<» Jj JjH Hrl H JH rH *» O JH kH rH rH rH U U rH rH rH
rH rH fl w fl >H 10 M fl u fl rJ rH fl JH fl -J rH rH fl U rH fl U H 10 -H rH rH
JJ o JJ JJ o JJ o JJ JJ JJ JJ JJ JJ
CO CJ CO o « CJ a u n u to CO CJ 10 to CJ to U
<-\ ^-i >-\ H H <~i r-i ^ ^
CM •4-1 CJH CJH CJH IM CJH CJH <JH CM
1 1 1 i 1 1 1 1
fl 10 10 fl fl fl fl fl fl fl
IJ Jj JJ jj JJ JJ JJ JJ JJ JJ
jj JJ JJ jj JJ JJ JJ JJ JJ JJ
3 3 3 3 3 3 3 3 3 3
.* M .* Jc< X .* M X M M
s. oix: di a oi x: 01 XI Dl JZ Oi Xi 01 J3 Ol rC Di x; o> X.
o c u C c o c u a o C C c CJ C CJ C
jj H JJ H JJ -rH JJ H JJ -H JJ -H JJ •H JJ 'f-i JJ T-t JJ -H JJ
fl X. <0 x: fl x; co XI fl x: fl Xi fl X! fl s. fl s. fl JZ fl
e u e cj E cj E CJ E cj E cj E U E u E u E o E
u i jj i Jj 1 jj l jj i JJ 1 jj i JJ JJ JJ 1
3
E
3 36 E g i 1 I e i
fl 3
£ E i i n § 3E 3 3E fl 3E E
CD d) CD CD CD CD CD CD CD CD CD CD CD CD CD 01 CD CD CD CD
*» *»
TJ S TJ S
Dl CL*9 *
TJ S




Di Qj <» -^
TJ S






T* •& Dl Qj -^ -c* •*»
TJ S
a jj CD JJ CD JJ CD JJ CD JJ CD JJ CD JJ a jj CD JJ CD JJ
U 01 JJ CD JJ CD JJ CD JJ CD JJ 01 JJ CD JJ CD JJ CD JJ CD

















rH CliCN CN CN





CN 00 rH Q.CN
Xl SrH
TJ JJ
CN CN ^ Q,CN CN CN
Xl SrH rHrH
TJ JJ
^t rH ,-i rH r-i rH
TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ
CO r* •H CO -H CT\ -r4 O ^ rH -rH CN -H m H ** M in t4 co
ro ro ^- m ~^ ro **. -SJ ^ "T ^ *» -^ •«* "J <* ^ ^?
4- 3 3 3 3 3 3 3 3 3 3
in C C c C c C c C c c
CO 4ft * « 1ft * 4ft it 4ft 4ft * 4ft
»-
JJ CD jj CD JJ 0) JJ CD JJ CD jj CD JJ CD JJ CD JJ CD JJ CD JJ
C Dl c Dl C Dl C Oi c Dl C Dl C Di C 01 c 01 c Dl C
CD T3 CD TJ CD TJ CD TJ CD TJ CD TJ CD TJ CD TJ 0) TJ CD TJ CD
-i<*i £ CD CN ^ E CD rH Tf E a> ^ *» E CD rH t, E CD rH -cj 3 CD CN ^ £ CD rH ro *» E CD CN 1H £ CD ro rH Vf E CD rH ro ^* E
•
- jj • JJ . . . jj . . . jj . . . jj . . . . jj - JJ • JJ . . . . jj
I
s




C f-* r* £1
fl
C rH CN Xl
fl
C rH rH £i
0
C rH rH XI
fl
C rH rH XI
fl
CrHrHXj CrHrHrH^ C rH CN ro XI C rH CN CN XI
fl
C rH rH CN Xl
fl











































a r-1 h"< CT




iq 3 i n
rr pi 3 S"





































3 l i-l rr
IQ 3 I n






























Q, M M MS cr











1 *t h 1 1 !"I
O O O O
o to n 01 n 01 n n O 01 n a n en o m O 01
o rr 0) rr Oi rr rr V rr OJ O rr O rr OJ rr DJ O rr
h 0> (-• tl Oi M i-t oj h 01 H n OJ H H Pi H a. H n Oj H H* hi pjM H r< n i-1 M H O -IHI H| M H h o H r^ N O ^1 K-> HI H Hh h I-1 H< h O to O t-» H h|
ID rr n ID rr 3 IS rr a> rr 3 ID rr 3 id rr o rr 3 ID rr 3 id a
01 (0 to in a iQ 01 tn 01 in in 01 in IU 0) 01 01 01 IU 01 Ul IU tn tn
O Ti- Tl •0 T) n a T) TJ
to O 01 rr to O 0) rr o\ to o Oi to ID rr to 0J rr en to O 01 to O 01 rr to o> rr ui Vi5 to O Ol
3 rr T 3 rr s- 3 rr 3 rr X 3 rr rr 3 rr 3 rr 3- 3 rr 3 3 rr
a H- ti. H- a a p- (1 H> a a H- a H- O.
H- 01 CD H- 0J 01 H- 0> H* PJ 0) H- PJ in p. pj H- B> in H- 01 01 H- PJ















ID C ID c ID ID c ID c ID n c ID C ID
to CL rr *> a rr to *» a *» a rr to. a rr <^ to CL to Q, rr to O, rr -J -J to a














rr LnTJ rr ui Ln*CJ UTO IT unTJ rr UI U1*0 aiTD rr uiTJ rr n
O O O O O O O o
H- H- H- H- P- H- M- H- H-
3 3 3 3 3 3 3 3 3
cr\ rr oi rr to en rr a» rr a\ rr to <r> rr a\ rr o\ rr a
in ID 01 ID tn ID 01 m tn ID oi I> tn is 01 ID 01 <D
3 3 3 3 3 3 3 3 3
— a n. 0. U a _ Q, _ ft 0, _ Q,
•O. 01 -j n m -J rn -J « ^j UI M -J 01 -J tn ~j in 01
3
P- 0) ft gi ft Q> ft BJ & a> kU P- pj H 0) p. pj
3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr 3 rr
oo c C C 00 c C c 00 c C c
tn oi in 01 01 0J 01 PJ tn DJ 01 PJ tn Pi tn OJ tn Pi
a a.
to ro MTj i—
•
rr (D
2 ai- t-. ^ t; i£j
n en
O rr
i-1 (-* i^ &HHHtl II
<D rr
II WWM m i "O
o o ro o &
3 rr
a






i i i 3













<_n fe £k Tj IQ









HhU K- Ui H- Ul !-• 1-^ Ul H- Ul H- UJ H H- UJ H- UJ
O 3 00 3 -J 3 Ov o 3 en 3 ui 3 to. c 3 to 3 ui
a a 0. a a a a O.
H- H- H* H- H- H- H- H-
1-" o O H O o O H1 o nM 0) PJ PJ l-i pj 01 PJ H PJ Pi
rr rr rr rr rr rr rr rr
<D o IS ID IB IS IS
01 01 a a 0) 01 01 01
•0 •O •0 •0 •0 a •0 •a
O o O O
i— !->• H- H- H- K- H- H-
3 3 3 3 3 3 3 3
rr rr rr rr rr rr rr rr
3 8
3 3 3 3 3 9
o o
<; < < < < < < <
ID ID o ID IS a IS IS
a a Q. a a a a a
cr * cr » cr cr » cr » er cr cr »
s
*
s •< >< * s >< s * s
I
v> v> <A </> v> </> <a v>
ID ID ID IS m o ID
OJ f 01
€




































3 H to to O 3 ON
a a
80





to £ Ol 01 Ol a Ol Ol 01o c c c XI a c XI
E
o
-H -H c H •H a
c c c c c -H
AI M u E Aj AJ E
u 4J 10 AJ )0 AJ AJ AJ fl AJ 0) u fl AJ 10 AJ 01 AJ
3
o
fl « 3 fl 3 10 fl fl 3 fl AH fl 3 fl 3 fl AJ fl
0) 0) 01 01 01 01 01 01 01
</> v> <A </> v> </> <J> 01 </> v> w 01 </>
CD « >-{
ra >, >. « >l • >1 > >1 « s AJ >, « S « >l AJ s
E XI XI * XI « XI XI XI * XI a
0)
Ol
Xl * XI * XI c
Ol
XI
-Q T3 XI XI XI XI XI XI XI XI XI XI
• a 0) 01 01 01 01 01 01 0) 01
3 > > > > > > >
« > > > + >
O o
H e E E E s E E * E E E * E
a u jj AJ AJ AJ AJ AJ AJ AJ AJ AJ
C c c C a c c c c c c
-^H tH •rl -H -rH H -rl -rH
o o o
a a a D. a a a a a a a
n U) 01 01 01 01 01 01 01 01 01
CD a u> 01 01 01 <s 01 01 01
*J u AJ AJ AJ AJ AJ AJ AJ AJ JJ
* 10 10 fl r-i fl fl fl fl fl fl fl
u u o O H u u u u o u (J
-H •H •n -rH •rl •H -rl -H tH -rH
XI XI XI XI XI XJ XI XI X) XI XI
CO c (N C CM C o c o O C o C IN C fl C IN C ^ c in c
m -rH m -h n -rl »HH *» -rH C! -H *J1 -rH -<» -H m -rH ^ -H ^ -H
^
.
„ A ,_- „ -> -^
* i J* | « 1 * 1 CA % 1 * 1 4fc 1 * l it i tt: 1 tt 1
-H ^-| -rl •H -H •H -rH •H •H •H -H
fl oi fl 0) r0 01 fl 01 fl 01 fl 01 10 ol fl 01 fl 01 10 01 fl 10
3 3 3 3 CO 3 3 3 3 3 3 3
AJ C AJ C AJ C AJ a AJ C AJ C AJ C AJ C AJ C AJ C AJ C
*t fl-g
(0 -H
"I fl-g fl-g "I fl-g ^ fl-g *n
oi r~ rH oi ol r^ oi r~ oi r~ 0) 01 ol r- 01 01 w r^
•0 — 73 — XI — T3 — XI — XI — XI — XJ XI — XI — XI — X) XI —
C c c C C a g 01 C c a 01 a
a> in a oi H 01 01 01 01 01 01 01 01 01 XI 0) 01 01 01 01 01 XI 01 01
AJ VD (N aj AJ lO aj vr> AJ ID (N AJ AJ XI AJ ID AJ AJ XI AJ VD
C c c e C C c fl C c c fl c
-rl -rH -rH -rl -rl •rH -H •H -rj
o 01 01
ain ro a u am aj
c
in d) qi
am am m 0. a XI am a a Xl am
rH CD o CD CD C\ '11 o oi rH 0) T* 01 ^H (N 01 m a> o 01 _l •*» ai
m oi m oi E (N 01 E m Oi m oi ** Ol m Oi H T» Ol <* 01 « Ol rji 01
1
XI •=! ^ D *» O "» JJ XI >» AJ XI TJ XI "» ** •0 V -H XI •* XI XI -H XI *»
01 a 3 O 3 01 ai 01 a> 3 01 ai 0) 3 01
* * XI * XI * 4» * * * * J* 4*
Ol Dl 10 Ol 10 Ol Ol Ol Ol 01 Ol Ol Ol 01 OlHCn in •H C ei rH n •rl c n -h c m -H C r-1 m -H C •H C AJ -H C ro -rt c -* a JJ -H d n
1TJ -rl (fl -H rH 01 (0 -H 01 fl -H fl -H fl -H fl -H C fl -H fl -H fl -H c fl -Hw n XI -H XI -rH XI XI XI XI CD XI XI X) 01 XJ
AJ C AJ C x: AJ c x; AJ C AJ C AJ C AJ C AJ C AJ C AJ C AJ C
fl CN VD 10 O (N IN CN JJ 10 IN AJ fl <N fl O IN ID fl O (N fl CN fl (N fl (N fl (N fl IN
a a i rH 1 a a a a a ^ a a a f-< a
01 01 <l) 01 Ol 01 01 Ol 01 01 01 01 01 01 01 01 -rl 01 01 01 01 01 01 •H 01 01
JJ (P 1-1 'I c aj a c aj a> AJ 01 AJ 01 AJ 01 AJ 01 AJ 01 JJ 01 »AH AJ 01
U U rH p* Li hrl n-i ,-( U AJ rH U U rH M Ll rH [^ H AJ rH <N AH U H Al AJ rH M U rH AJ AJ rH AJ In rH
ID AJ 10 M ^-t 10 kH rH fl u fl U fl ^ fl U O 10 AJ fl U fl u 01 fl Aj
JJ O J-1 10 AJ * AJ AJ AJ AJ O j<: AJ O AJ AJ X AJ




































m H 10 10 fl fl E fl 3 fl AJ fl 3 fl 3 fl AJ fl
aj u XI AJ XI AJ AJ 1 AJ XI AJ 3 AJ 3 AJ 9 AJ 3
AJ
aj u JJ 0) AJ 01 AJ AJ Ai AJ fl AJ XI AJ AJ JJ XI AJ
















oix: x: Dl x: E oix; E oix; oix; x; oix; <A-I Oi 01 Ol <AJ Ol l»H Ol 0) Ol
c u u C u c u C O c o u a o 01 C Ol C 0) c 01 C Ol cU u x: •H AJ XI -H AJ -H AJ AJ -H AJ rH -rH XI -H -H •rH XI -H
JZ E 10 x: 10 AJ XI 10 AJ XI fl XI E fl Xi fl XI 01 XI x; XI 01 x;
U 1 E o E Ol o E oi o E U 1 E U E 01 o u 01 o 01 u o
1-1 u c AJ 1 C AJ 1 AJ U AJ 1 Ol AJ Ol AJ Ol AJ Ol AJ Ol jj
a o 3 3 a> n 3 oi fl 3 fl 3 fl 3 XI fl c XI X) c







































































































XI X) XI T3 XI XI XI XI XI XI XJ
1-
-H CO -rH •rl O •H rH IN -H r-t -H •& rH m -H ID -H r~ -^ CO
in \ in in *N lO ^ «> 10 U> ID ID VD ID \ ID
T- 3 3 3 3 3 3 3 3 3 3 3
ir> c c c C c c c c c a c
^
* **= *t ^t * * * * m * Jt- 411
t— u <V u a> AJ 0> AJ 01 AJ 01 AJ 01 AJ 01 AJ 01 aj 01 AJ 01 AJ 01 AJ
a oi c Ol c Ol c Ol C Ol c Ol c Oi c Ol C Oi c Ol c Ol c
U XI <D XI ai XJ 01 XI Ol XI 01 XI 01 XI 0) XI 'ii XI ai X! 01 XI ai
£ «n rH E a; cn "» rH E 01 rH £ 01 IN E 0) m rH £ 01 rH i-i E 0) fS E 01 fl E 01 ^» E 01 IN E 0) n E
JJ . . - aj AJ • AJ - AJ AJ AJ AJ AJ













C IN in XI
fl
C (N IN XI
fl
C tN
•8 C (N 3 C <N XIfl C <N 9 C (N XIfl
o o o « o « o o O « o « o * o * O J. o
81
* o * o * o » o * o * o * o * o » O * o * o £
a & ro 3 a a
Oi 0>
g-
a> a V 01 01
CT to 3 cr ro 3 cr to 3 cr to 3 CT to 3 to 3 cr to 3 cr to 3 cr to 3 cr lo UJ to 3C»S C CD £ c CD £ C CD £ c -J £ c •o £ c •o £ c av £ c t* £ c en £ C to to Ln £ •o;
rr rr • • rr rr • rr rr rr rr rr It rr -
3 w it 3 *>• ID 3 lo ro 3 to id 3 c> ID 3 w ro 3 ro ID 3 *^ ID 3 Lo ID 3 to ID 3 ^ to ** (D
n> a id a ID a ro a ro a ID a ID a ro a ID a ro a CD a
3 IQ 3 IQ 3 iQ 3 « 3 IQ 3 IQ 3 iQ 3 IQ 3 IQ 3 iQ 3 IQ
rr id rr id rr ID rr id rr ID rr ro rr ID rr ro rr ID it ro rr ID
_^
x *fc x * a, » *t * 4C # ^ CO
3 3 3 3 3 3 3 3 3 3 3 en
£ £ £ £ £ £ £ £ £ £ £ -*
~J ~^. -j ^ -o ^i ^ ^i ~1 -J -0 -J -J en
ID P- CD P* -J P- <j\ p- Ln p- <^ p- p- to p- P" p- o p- id p-
a a a a a Oi a a a a a
rr Q, rr Q> rr q. ft Q, ft Q, ft fL It Q, rr rL ft Q, ft CL rr a
s hX cr
& 00 1) H £ p-s crat cdtj m £ p'K crCD7J p-1 £ P< D-Qj COTJ p* £ hk crcoTJ P1 £ pS crOD'O P- £ hk craoTJ p £ COTJ p € h< cr00 TJ P- £ COTJ p £ P1 HHStrCO ©TJ p01 0> 01 0> a> 0) 0> 01 CO
X It tt X (D rr X ro rr X ID rr X ID It x- ID ft PS- ID ft X ID ft X O rt X ro rt X ID ft
ID ro ro ID ID ro ID ro CD ID ID











p- 2 °-tOTJ IQ to ; aP- tOTJ IQ rri-t S. atoT) iQ COp- to to tOTJ IQ
QJ ID ID Q> ID ID a ro ro o> ro ro a ro id a ID CD OJ ro ro a CD ID a ro ro Oi ro ro a ID ID
P- ID ro p- ro ro p- ro ID p- ro
p<
H- 3 ID 3 ro 3 p- 3 CD
g
ro 3 p- 3 ro 3 ID 3 p- 3 CD
i3 m a 5 a 01 3 S a a 3 a OJ a 3 a
iq rr IQ rr ia rr iq rr iQ rr iQ rt iQ rt IQ rr iQ it IQ rr IQ rr
n o o ro a n ID n ro n O ro O ro n n ID n
ro 3- y 3" ro 3" 3* 3" ID 2 3" 3" CD 3" 3"
a h- p* P- 0- H- p. p* p- a p- p* p- p- a p-
IQ 3 ro 3 ID 3 IQ 3 ro 3 ro 3 IQ 3 CD 3 CD 3 IQ 3 ro 3












IQ ID >Q Ml
rr
IQ
c c c c
3 X c X C X 3 X c X § ?r 3 X c X X 3 X c X01 c 3 C 3 c o> c 3 C c 01 c 3 C C OJ c 3 c
CT rr & s
01 rr cr rr a rt &
ft cr ft
&
ft a rr cr rt Cu rt
C rr cr rr C ft cr ft It c ft ft cr ft c rt cr rr
rr CU c 0> c 01 rr Oi c Oi c 01 rr Q> e 0> c 0J a 01 c 0J
rr i rr i rr i rr i rr l <t 1 ft rt rr rt rr
<D i—
h
rr mi rr rti CD rn rt Ml rt Mi ID Mi rt r-h rr ID Ml rr Mi













£ £ £ £
0> O » o to n Bl oi n co n to Q VI 01 01 n oi n to 0> O 01 n toX rr rr rr X O ft ft o a X rt ft ft X O rr It
ro >-t Bi >i m p, op CD P. 01 P, 0) « 0> ro p. Oi M 0) M 01 ro M, 01 p, 01M P, P. P- It P, p> p, p, P1 P. >-( H> M. t P- P. M M >t H Hll rt M M P. HI It p» to p> P, H.
mi ro rr ro rr ID it rt» ro ft CD rt ro rr Ml ID rt CD rt CD It Ml CD ft ID ft
P- co to VI CO 10 to p- to to to ta to to p- to to 01 01 01 to p- to to 01 01
p-1 TJ 0 13 p- -a a •O p* V TJ o p* 0 V
0) to 01 MO tl to Oi pi to O 01 to 0i to 01
3
to Oi to 0i to o oi 01 to O Oi to pi to OJ
3 3 rr 3 rr 3 rr § 3 ft 3 ft 3 rt 3 ft 3 rt 3 rt 3 3 rr 3 rt
a> a a a ro a a a. ID a a a a a a "i3 H- 0> P- 0< H- 01 3 P- Oi p. bi P- 01 3 p. in p. OJ P- cm 3 P- 01 P- 0> 3
1
rr w 3 H- Ul 3 P- u> 3 >-•• rr lj 3 P- 3 P- w 3 P- ft 3 P- 3 P- Lo 3 P- rt 3 P- 3 P-
w iq IQ O to IQ IQ iQ CO IQ IQ c 01 Q <Q
* * » * * » * w tt » •
£ ID ro ID £ ro CD ro £ ID ID CD £ CD IDH-fr& c a *>• a H- fc Q, a *>• a p« Q. a & a p- a a
p- IQ |Q en iq en p* IQ p> IQ *> IQ ^ P- IQ U» (Q ** IQ *> p" |Q Lu IQ £
P- ( Ol (D P1 (D o p- ro *> CD «> ro co \— ID CD ID ^J CD 0\ h- to en ID Ln
CT uTO LnTJ LTtTJ cr loti 0 LnTJ cr o •0 cnTJ cr •o •0
© o ro O ro O
p- P- H- p- H- p- P- P- P- p- p-
01 3 3 3 01 3 3 3 0) 3 3 3 01 3 3
D. <7> rr on rr <M (t Q, en rr rt a\ rt a rt ft en rt a ft rt
CL to id co ro to ID a to ro to ro to ro a oi ro to ro co ro a CO CD 01 CD
m 3 3 3 CD 3 3 3 ro 3 3 3 CD 3 3
a ~ d. _ a _ a o, — a _ a -. a a ~ a. _ o. _ Q, a _ a _ a
-J 01 ~J CO -J L0 -o 01 01 -J to VI 01 -J to CO 0)
p. fn P- a P- 01 p. £v P- 01 p. fj) P- ft. p. B) P- 01 He, P- Oi
3 rr 3 rr 3 rr 3 rr 3 ft 3 rr 3 rt 3 rr 3 a 3 ft 3 ft
CD C CD c CO c CO c C c c c c C c
(A 0> lo oi to 01 LO 01 CO 0> oi oi CO Cu to oi to 01 0) rj CO 01
P- P- p- p- p* p- p- p- P- P- p-
VO 1 * to 1 * ID 1 * CD 1 * 1 * 1 * 1 * 1 * 1 * 1 * 1 *
— ~- w —' — w * — '"* '
PH-U1 P> P- p> h- lti p> p- Ln P* w p- *k p- fc p- to P-fe P- fc p. ojO 3 to o 3 w 3 M o 3 O 3 P1 3 vo 3 CO 3 U9 3 -J 3 en 3 O
0. 0. a a a a a, a a a a
P- P- H- p- p- p- p- p- p- H- p-
P" O P- n o P- o o n n o O o
p» 0> M 01 01 p. oi 01 0i 01 0) 01 01
rr ft ft rr ft rt ft rt rt ft ft
ID • ID ID ro ro ro a CD ID ro











p1 P- p1 P- P- M P- p- p- p- p- H- H- p-
ui 3 W 3 3 LJ 3 3 3 3 3 3 3 3
rr It rr ft rt ft ft ft a ft rt
»M3
» *» £3 | » p" 3» ** | § * 1 3 3o • ! §
» < < < » < < < * < < < * < <
B ID ID ro CD ID ID ID CD a ©




» cr t cr
ID Ln
3 cr , cr „ cr
CD
3 cr • cr » cr
ro
3 cr » cr
rr >< » "< * ><: rr •< » •< * >< rr s » s » >< rr •< *
p* p" * p> * p" p» » p* p*
ro en </> Cn<rt <a © o> </> •en- v> ro </> en- v> CD </> o
(D
(D ro ro ro ro ro ro ID CD ro
M. Qi £ 0> £ 0J K, 01 £ o> £ Oi M o> £ 01 £ 0> M 01 £ &

















p- 3 3 p- 3 3 p- 3 3 P- 3






























4 » • » » » *
* 8
82






'-0 £ Oi Dl CD 01 Oi CD 01 CDo c d 73 c c 73 c 73
E
o
H c •H -H C tH C
c c -h a c -rl c -rl
>J M E u M u E
4-1 fl 4J CCJ 4-1 CD 4J v 4J fl 4-> CD fl 4-1 CD 4J
3
o
fl 3 fl 3 fl li fl 3 fl 3 fl IH fl » a vi fl
CD U cd CD CD CD CD CD
~5 </> wm l/> 143 CD <A W Id V>1£ CD </> V>lO CD </>H « i-l i-H
CO >i « >. « >i 4J >H « >1 « >1 4J >1 41 >H 4-> N
E x> XI « xi a Xl XI « XI c XI XI c XI
x>
in in CD m m CD m cd
73 TJ H 73 H Ol 73 73 rH 73 rH Ol 73 73 rH Ol 73
<D CD CD CD CD CD CD CD 01
| > > > « > > > « > > * >o T O <» « •» •>» 41 •«» *
c 6 6 H e h « E E rH E rH * E Eh. E
£ u 4-1 4-1 4-1 4J u 4-> 4-1 4-1
a C cn C fl c C r-l C cl c C fl C P7














w 10 H 10 t-l w W rH W rH w W T-^ W r-t
fj CD CD CD CD a CD CD
4-1 4-> 4-1 4J 4J 4J 4-1 4-> 4-1
CO fl H fl H fl fl rH fl rH fl fl rH fl rH
o U H O rH U O rH O H O H O rH
•H tH -rl -rl -H tH tH
•a XI 73 73 73 73 73 73 73
m c in c o •U- C O in c rH G O 143 C O r- C ai CO m c
in -h H H in -H rH m -h -H rH in -H rH m -H tH H fHH
, „ -^ „ A A „
* i cn * 1 OI * 1 CA «= l cn * 1 o\ tt 1 Ol * 1 cn ** t oi 4* 1 cn
tH -rl •H tH -H -rl •H tH -H
CO CO CO 10 fl CO fl w fl W fl w fl w fl W fl
3 CO 3 CO 3 CO 3 CO 3 CO 3 CO 3 00 3 CO 3 00
4J C 4J C 4J C 4J C 4J C 4J C 4J C 4J C 4-1 C
*£. fl "g fl -H fl-rj fl-g fl -H "-g fl-g fl tH
w p* co p* to p- W p- w r~ w r- W C- 10 r» at r-
73 — -0 — 0 — 73 73 — 73 — 73 — 73 73 — 73 — 73 73 —
c c e cd c C C 0} C C C
CD CO CD CO CD CO 73 CD W CD W CD W 73 CD W CD W 73 CD W
4-1 l£> 4J V£> 4-1 lO 73 U 140 4J VX1 4J ID 73 i_> 10 4J CO 73 4J 14?
c a C fl c a C fl C c fl c
-H -H -H -H -H -rl -rl -H
CD CD O CD
Q.U-1 am am XI am am am XI am am XI am
CN CD n CD CN CD -t t» CD in CD O CD <-* 140 CD r- CD r-\ m CD
in oi in Oi Ol rH m Oi m oi rH Ol rH m 01 mo rH ^ 01
1?
-a » 73 -» 73 ** -H 73 « 73 » 73 "» -H 73 » 73 ^» tH 73 t
CD CD CD 3 CD CD CD 3 CD CD 3 CD
3
£
* * 4* * 4t * 4fc * *
cn 01 oi io Ol Ol 01 w 01 01 w Ol
-H fi m •H C n -H C m 4J •H C 1-1 •w C m -H Cn tl tH C Cl H C pi i-l -H C cn
fl -rl fl -H fl H C fl -H fl -H fl tH C fl -rl fl tH C fl -H
73 •o 73 CD 73 73 73 73 73 CD 73
4-> C 4J C 4J c e 4J C 4J C 4J C E 4J C 4-1 C I 4-1 C
a o cn fl O CN fl O IN fl fl O CN fl O CN fl IN fl fl CN fl CN fl fl O IN OOO
a a a r~* a a a •-* a a •-< a OOO
CO CO CO CO WW -rl w w w w WW -H U W WW tH w w OOO
4J CD 4J CD 4J CD >4H 4-1 CD 4J CD J J 14-1 4-1 CD 4-1 CD 4-1 4J CD CN O OOO
>H >H rH >H ^4 H 1H 14 rH M llH r 14H h llH U U rH >H >H rH V4 U rH « OOO
CO )-< fl H fl IH CD fl IH fl u fl U CD fl '-4 fl 14 CD fl >H 1 OOO
4-> 4J 4-1 O M 4J O 4J 4JO M 4-1 U M 4J u •
10 U 10 10 O fl
3
w o W O W U fl
3










-o 73 73 4-1
-< CD H CD rH 73 rH CD rH CD '-l 73 01 rH 73 rH a O O OOO
14-1 4J 14-1 4-1 14H CD 14H 4J <4H 4J 14H CD 14H AJ '4-1 CD <4H -rl O OOO
1 4J I 4J 1 4J 1 4U 1 4J 1 4-1 1 U 1 4-1 O OOO
fl 3 fl 3 fl 4J fl O fl 3 fl 4J fl 3 fl 4J fl a O CN O m CN
4J CO
4J XI 4-1 3 4-> a 4-> XI 4-1 3 4-1
-3
4J 3 4-1 II O CD O m co
4J fl 4J XI 4J a 4J fl 4-1 X) 4J 4J XI 4J CD O ^ O CO 141
3 C 3 C 3 fl 3 c 3 5 3 fl 3 d 3 fl 3 01 CD
.* 3 -X 3
3








O O rH O O
4J 4J 4-1 4-1 u fl
e» >« Ol l*-l Ol CD Ol U_l Ol 14H Ol CD Ol Ol CD 01 M u
C CD C CD C Ol c 'T C CD C Ol C CD C Ol c U 01H H -n 73 -H rH -rl 73 -H 73 -rl rH O O O OOO£ x: x; co x; x; XI » x: x; » x: 3 O O OOO
U CD U CD o o '1 O CD u CD u 4-1 4-1 in O O OOO
4J D> 4-1 Ol 4-1 Ol 4-1 a 4-1 01 4J Ol 4-1 Dl 4J Ol 4-1 CD CO m 00
fl 73 fl -o fl c 73 fl 73 fl c 73 fl c c oi 10 cn
S CD e cd g -H E CD E CD E CD E -rl E
UH
>» m •&
CD CD -rH 9 CD -rl CD CN O PI CN O
CD CD 73 CD CD 73 CD CD fl CD CD o CD CD 73 cd ai fl CD CD TJ CD CD fl CD CD













CD 4J CD 4J CD 4-1 CD 4-1 CD 4-1 CD 4J CD 4-1 CD 4J CD 4J CD
CD CD CD CD CD O CD CD E w O O OOO




XI Sh 3 rH aco flXI Sh 3 rH acoA SrH IS rH a CO flXI Sh 3 rH a® flXI SrH 3 rH acoXI Sh a rH aco flXI SrH 3 rH acoXI SrH > -H CD O O O OOO3 3 -H — cn cn cn0 4-1 73 4J 73 4J 73 4J 73 Li 73 4J 73 4J 73 4-1 E 4J N • <J\ cn cn
73 u •>» O cn tj
E
73 o 73 73 73 73 73 73 73 * CO nco
-H O -rl CN -rl r*l -H -c/ •rt in 10 -H r- H
^ CO **, CO ^~ CO CO ^- CO ^ CO \ 00
v— 3 3 3 3 3 3 3 3 3 4< «
to c C c c c C C c C 4J >
CO * 4* tt * 4* 4* 4fc c m X >H N
d> E
CD 4J CD 4-1 CD 4-1 CD 4-1 ai 4-1 CD 4-1 CD 4J CD 4-1 CD E Ol CD ~ Dl 73
Dl C Ol C Ol C Ol C Oi c Oi c Ol c Oi C 01 4-1 73 Dl X u CD
73 CD 73 CD 73 CD 73 CD 73 CD 73 CD 73 CD 73 CD 73 3 CD 73 eg U >
y? CD o £ CD T e CD IN E CD d i • fl E m CN E CD m E • "6 11 fi XI 3 O £ cn in
•
- 4J 4-> 4J - 4-1 • • 4J 4J • 4J - • fl C E
r^ 3 oi 3 Jm 3 3 O 3 3 o 3 303 3 rH 3 3 rH 3 3 rH 3 3 CN « « 3 N in f-i
»_. C CNX! C CN XI C n XI C CI Xj C ci XI C fl XI C cn XI C cn XI C ph CD XI C73
PS fl fl fl fl fl fl fl fl
2 o • O « o • o « O « O • * O 41 ^
83
84




o cn CO VO in ^» CO rH o O o o O o o
% o o o o o o O o o H o o O o o
VI




** CN IN u rH r* *r r* t ^ "» ^* <* m O o O o o























rH fN ** VO 00
O rH CM CO *» in VO C~ 00 <J\ O rH fN m ^ in
N rH rH l-i
1-1
Q.





rH rH CN CO •<* in vo l> CO CO rH r-\ CN m ^
10
a






cn r- cn en CO rH rH <T\ (N fN r- r* cn <T\ m
en CN ** *» rH O O <T\ in m CN fN ^ "» T-^
t> en o o CN CO CO •<f m in o\ en o o fN
vo vo r- r- r- r- r- r- r»* r- VO vo p* r- r-
vo VO vo VO vo VO vo VO vo VO VO vo vo vo vo
r- r- r- r- r~ r~ t- r- o r- r- r- o r- r-
o o o o o o o o o o o o o o o
CO 00
CN (N CO *» CO CO CN CO CO o r- i> <<* ^ ao 00 CN
5
CO co CO CO en CO CO in CO CO m m ao CO en
o CO r- in in CO CN CN o a\ CTi r- r- in in rn
a rH rH rH rH rH rH o O rH H r-\ f-t t-H3 IN ^ •^ *» *» *» ^i <* ^ <» *» -^ -<* •<& t ^y
* 10 vo VO VO VO VO VO V£> VO VO VO vo VO vo vo
£ o o o o o O o O o o o o o o o
c^ P- o cn o o en o o cn o o cn en o o a\
(N CN o T» o o *» o o *» o o •^ •<* o o **
o rH o o rH o o o o rH rH o o
</> o O o o O o o o o o O o o o o
-H o O o o O o o o o o O o o o o
01 o O o o o o o o o o o o o o o
>




rH -» m in O CN CN in VO rH ^J m o on CO
vo • 10 r- *» CN CN CO VO VO tH ^ rH CO m CO on
rs c cn cn VO VO VO in in in in CN *» rH vo *-• ** CN
10 CN CN CN CN CN CN (N rH fN r- en cn cn cn
rH rH O o o o o o O o O CN ^ •rj *» tj
a <» *» *» *» *f *» *» ** <* ^ cn on <T\ cn cn
N CN CN CN CN CN CN CN Ol CN CN CN CN CN CN CN
ai
1 I I 1 1 l
u co O O o o o o o CN on in vo VO ro o
in a in t-4 p" O O o o o o o VO CN an m in o r-
<N (N o vo O o o o o o o •>» cn *» r- [*- CO co
n N VO CN CN CN CN CN CN CN O CO in m in in
•r* CO CO CO CO CO CO m m m in ao 00 CO CO
t-l CN CN CN CN CN CN CN fN fN CN CO CO 00 CO CO
71
.* CO CI co CO CO CO CO m m m m ro m m mM M
u o
3
cn 3 en in tj u
o cn co <t in CO CN rH T» CN o vo r- in vo r> m CO m
*? <B ^ no c en VO rH ^ CO cn r* m on CN *t rH in
CN c CN en o CO •"* in in rH in ^ CN *» ^f rH r^ *» vo
en o u o T» CO rH T» r- o\ r-t m m m O cn en a\
IH T> o o o Or CO in CO o CN *» r* CTt r-t 00 m in 00 rH
O -H • • "4-1 o CO rH ^J CO rH T» p* o o o on o CN
I CN O
>i .* to a) in co rH CO in CO o r- in *» in m <-\ 00 VO
M u u > -r* ^ ^ CO CO CO CO CN CN fN ** ^ *T m CO
10 C -^
v_ P 3 H (0
in u XI o c
T-
C 3 C5 U c ~h <o o.-^
o c o o
CN CO in vo p- 00 <Ti O r*l ^ in
•H • « C 3 rH
rH rj « IH-n
.u ~^ Ol O
Vj >*-i XI -H Xl Vj
iJ 3 U rH CN CO in VO r~ CO CT> O CN m 'd' in
c u 'jiniOMDmoHn v OH fl*n rH rH[s 3 -H CN CN (N (N O1 CN ro co ro AJU« O
C 3 XI a) U o in in in in in in m in O in O O O
r3 c fl « o r- CN r- CN r* CN o fN o CN o O o
5 o o 3 o cn CO vo ro oo VO o vo o o o
85
86
APPENDIX D. GBU-24 OUTPUT FILE (SOLUTION DATA)
5 O Ifl -H -H •H o o
>. •
'
O 0. a a
ID O CO u o U
<•?
in
o £ O o
E
o
0-1 II V£> r*
*» <T\ on
II m 10 3 rH TJ i-i c*
o >i TI TJ TJ O oO Q, E
§
c C aO -rl o (N IN IN O oO •-{ li. a aO Ul o U u O
10 o a> o
F a -
xi
H -H o u
Ul o IP O Cf\
o o o
!»
IH o E 3 rH TJ o o
II o o
1
C c c o rH
r c ^-i

















.X IP -rl o II 3 rH TJ o rH
U >HrH a\ o C C c o rH
4J


















o o o o o o o































































xi fl* t-l r- ro <* *» •H
s E?
> O o
3 ao 10 r~ o oo cri c Dl II -U a
O tf r-i 00 O rH io a -H Jj
TJ rH ^ -^ (N <»








^H 3 a io o <P












T) 3 3 rH rH o o\
C C 3 -H
i
X 4-1 o o
a) 10 > > 1
u 111 IP
u o *» o in -^ m o u m a rH
3 in m r- m en o*> o rH 10 Ol o
lO in CO IN rH CO m o 4J C o
n o co in rsj in f-t 10 rH O 10 o\ rH in
** 10 m n cn •H T-* 3 O •<r II O o
^H rH § o >, m r* CN
c W -H O -U o 11 o 3 ^* vo
c o W O -H
a
TJ IP IP 3





























0) o in 4-> 10 Id ft IP o 3 r- cn
Ol C <N in ft 10 « ft M U o O o> v-0
rH u o\ « o a, o 10 t» «^>
4-> rH U r- « «j e o 3 rH a* O
c ID O jj r- 4J N N N
a> o >o « 10 in ft 1J o o 3 3 a <N O
-h rH rH « IN * * 1
u O 41 -rl ft r-*
TJ TJ 10 Hi o o ft 14H
« a ft o o
11 IP m • iH • c ft o CT\H -rH 0) rH cow Hi ft 0) o r* cn
>4-l 14-1 m o ih .x -ft c -H f-i o a\ X in CO
o lO H O *-> Olio <j\ IP 3 CO r*
ai <p tj 4-> 01 ft •H 3 ft c • <Ti -n 3 00 o
4-1 4J r-t ai Ifl (U rH •J --H Ifl o £ >1 £ r(0 (0 a) u VH rH ja ft -H ft o -H 5, m o
-H -r4 -H C II IP U T) ul ft
TJ TJ 14-t 0) Ol 4J ft C ft
ii a 3TJ Hum
£
II
TJ E 6 u rH Vi •-» C H ft o o
rlEE< 1-1 3 IN H o Hi O V4
'U w m w m











a) TJ ih C C ft c ft CO U > m CO
•H rH -H -H rH --H ft - Ifl «J 3 <T\ <T\
u-i a) m a) O hUC ft O 1-1 -H X
5
X
-H Ifl ^H ~H C C 3 ft U 3 ro o
1) H W 1J 1 ]) fll 1H !h ft ft « ft ft ft ft >1 T?
C i*-i *h a) it) to
a c 4J
7) in .x o II -H 11 TJ
4J a a -h a axi cn a rH > H
c 3IWO I 13 flj rH c Vh-H
3
im Q> 3 3 3 rH II rH <P XI ^ X r~( oO IH 10 •H Xl "H u CO
U C Q,rH U <A in u
•H TJ XI
II
-C [S. U 4J E (0 IP a m
rfi Dl U 3 3 10 IH 3 •H 3 3 t>
* u canton ~H lO « C rH c a> 4J 4J x: x; §
t--
-H H 3 C 3 -H fl in O 0) H 10 » u u o
a C £T) WOU » o c -rH Q, 10
«E^
01 c Q 10 (N Tl
c Di o * 0> U H H
, O 3 XI g o u rH g XJ (N
Tf E u o S c c c O








"# O O O O O O O fl -H -r4 O O O O
2
**
1 1 1 a a a 1






m en on CO CO m in CO CO O m r> II CO CO p- rH CO en CN
OJ en CN CO rH p- rH p- \£> ro CN r> p* CN in r- O O ON
n t-* ON in in 00 vo CN rH \£> ^? CN D) 3 n rH *» ^* O rH ro in rH
^ CN O O O O O >i T3 XI T3 O O O O O
5
o O O O O O O § s
C c c




ON H «* in en H O •^ in O u(9 O CA (N O ro ro
CN (N ro CN O O lO m ro O CO CN in r-i O en
a
n ON VO in GO \o CN O \£> •^ CN ^ 3 ^H a O ^ *» ro in rHiH O CN O O O O O
3
C a e O O O




CA CO «» ,_» rH vo in O CO CN ID O CO ro CO -^ VO
rO O *» in «» rH (N O r> TF n O CA ro in rH rH CA
ro ON vo in CO vD CN O 10 -<* CN II 3 t-\ T) O ^» *9 ro m rH
"! O "! CN O O O O O
to a
a a C O O O O O O






O O O O O O
P- m vo in H en <N CN CN CO TJ O \£> CO <» p* ro ro r-i VO
CO <» vo in O m tN O CN (N (N in •<* vo p- rH rH



















O O O O O
^ m rH CN en ^ in in in in O CO rH O ro ro rH (N in CN <N
in vo vo O <N O rH en in in <N ro rH ro t* p* 0\ P- a\ (N CO
rH in ro (N in m iH rH in rH H T* II O O CN O rHO O O O O >i 3 O O O O



















ON en CT\ O ** ro CA m \D ro CO rH ro •-I m O in l£> u> <* CA ON3 p- in ^ On CA CO en CT\ rH yo CO CO § CN \o CO CO CA *» *t <*
2
<* CN ^ in vo VO ^ P- P" P* r* P» O CO P» P~
en
*1 O ON en en en cn O CA CA CA
T3 a 3 H ^







O O O O
O
ro ,_, in in rH t in rH CO ,_, CA CO ro M O CO in ro in
^» on in tj vo CN ro in CA. rH r*- CO vo II CA CN rH \o rH CO •<*




vo ro O cn H> ro ON CA
iH O rH rH O £ J3 4J rH O O O
1 '
'
1 1 1 1
•
a a > 1 1 1 1
CA ON (0 00 CO rH en en rH VO rH CA CO
M
3 *» •^ cn CA CA P* CA
VO CO VO vo CO en in r~ P- (N O \£> r- ro in *J3 \o P* rH VO






CN O O CN O O
O
1











CA ro m CO en *r in r-< en in O CO O ro ro CA in CN ON
vo vO vo O vo ON rH on p* CA CN m l£> X O ^ p- IO O en O) VO
CN CO ro (N CN CO rH rH (N CO CN 3 cn O (N CA CNO CO O O O m O O O m O •a ro O O ro O
O
t




O <j\ on IO O 10 CO O O CO m f0 O p* P* m O CN VO ro OO on in O in in en O CN CO CN O (A CN O p» •*» rH OO n rH p- O en CO CO O VO CO CA O CN CA CA O o\ CA ON OO ON CA O o*\ en en O VO <7\ cn O 3 ro en cn O CA <7\ ON O
O in
CN











O CO CO r- O en rH rH O O CO P- O Ji r-i P- O CN ro CO OO CN O <<* ro O O u CO H O VO p* OO *» ro O VO r- O p* CO O a. r~ CD O CO r- O
l
O CO p- O p> r- O p* r- O 3 •H 3
r
3 r- P» O p- P» O
O O O O a O O O
p-
CO ON t» CO in m CN CN CN m P- ro CN ro P* c *r cn CO P- r-i in cn enH .-h ro CN CO f-H CN rH O CN rH \D ro CN O CN rH r^ CN in (N t-^
19
m (N CA in <N CO vo CN (N ^O ^» CN T1 -1 3 TD CN •^ ^ CN ro in
i-» O CN O O O O O O N a c C O O O O













































































































































































Ck o o (-*
to
-J o o H
to
VO o o M
to
























































































































































































































































































































































































































































































































o o o o
l
o o o o
1

































































































O o O o
1
o o o o
i






















































































































































































o o o o o o o o o
1
o o
1O o 1o o 1o o 1o o 1o o
1


























































































o o o o o o o o o
1













































































o o o o o o o o o o o
1
o o o o o o o o o o o O o o 11
90
8 o O o o o o o »J •H ^ -H o O o o o o o o o o o O O
>• 1 i a a 0. 1 i 1 i t






00 CO o ON r* CN in II a\ ON H CN ON •^f \o o ON rn m >o ON
.-H on CO m VO ^ r> in O ro CN m r- i£> in (** CO in
*» *» o rH CN m (N U) 3 ^H T3 rH V£> in rH o r* CO rH o r^i rH




o o o o o o O i s
C c e









o o rH o CO in r^ ® o ON in w o «» CN VO o r-l m ** O
(N o CO o VO *» r- o o CN o r* r- ^» o r- CN ON o
1
<* in o o CN in CN 3 rH 73 o H \o m o o r* CO o m o m o
o o o o O o o
s
C C C o o o o o o o o o o rH o
c c ^H H ^






00 i-t m o in t- ,_, o r- CO CN o vo CO *» o o NO vo o
CN 00 o r- in CO o <» r*l o NO CO in o VO *» o o
** in o o CN in CN II 3 ^H T3 o rH w in o o r- 00 o m o ** o






o o o o o o o o o o rH
'I
o
o o o o o o o 3 rH rH o o o o
i







CN VO on in CN m m Q o m r- CN r- r- o [- in rH <» ON vo
CO rH o rH rH o *» r- ^ CN o *» 00 VO 00 ON r- CN ^» CN
o o ro rH rH o m rH rH O ^> CN rH o ^» CN rH VO ON
o o O O O o o c N
-a 3 _,
rH O O o o O o o o o O O o o








o O O o
1
o o o O o o
ON rH m m O r- r* rH o ON CO rH <«» ON m H <* o m CO VO
o m CN fO ^ o rn <T\ P- rH in 00 <N in CO in M m VO VO
o CN rH o rH II rH rH O o CN CN o o ^ m rH CN o


































Si en o o r- *» CO CO
<P
o rn m rn ON ro ^ *» o r- r- ON NO
3 00 in m m VO CN CN XI VO *» CO CO H n rH t-i ON r> CO 00 VO
0> r- r* r- CO r* F> 3 CN ON VO V£> *» o VO VO >o rH * ^» in
2J
<T\ ON ON o en ON on O 4 o ON ON ON O o ON ON o O ON ON rHTJ 3 rH r-1O o o o o o o
i 5 >
o o o o o rH O o o rH o o o
o
VO o o *» CO rn vo r* r* ** m in CN r- r* CO CO VO VO o
ON rH ON PO ^ CO vo II (N in CO •*» CN •*» VO m ^» VO CO m
^ O r* m rH ^ CO ON ON CO ON CN ON rH o rH rH CN rH CN




in CN CO ON in CN CO o <» m r- O CN
o .H o O o o o x: JS u o O o O o O O rH o o o O
1 ' 1 i u
u
1-1
a a > 1 1 1 1 1 i
vo rH t-i VO in *» o 3 ON *» o rH o \o rH rH •^» r- CN CO r-
CO CN r* *9 rH o r> m ^ (N r* m 00 in r* CN vo rH VO rH
o O CN VO r-i o CN W rH \o rH o CN \o r-t o CN VO CN CN NO
o o O *» O o O
N
3
N M | ^ O o O *» O o o ^» o O O <»
o o O
1
in O o O
H












ON rH rH f\ O r* O ON CO H <* ON in m o CO ONO r> •<* •^ o r- X •^ r- f> -» CN m r- o CN m VO m
o CN on 1-t o CN 01 3 ON rH o CN ON CN o CN ON m CN ONO o o oo o o O T3 3 rH CO o o O CO O o O CO o o o CO
o o o
1
vo o o O C >i £ 3^ a vo o
1
o o vo o o o VO o
i
o o vo
VO o rH CN vo O ON o o o in H »o o CN CN CN o CN
CN o in in o O ON CO ON o ^* lO o ON VO CN o <P
ON on o r- on ON o r- ON CO o CO O CO o CO o CO o ON




rH VO ON ON o in o (J\ o t* o ON o m




a as o O <-t a\ o .* rH CN o o CN •V rH o m rH «* o ->»
r*- o CN CO in o u CN in CN o CN ro VO o CN r- m o CN
CO r> o CO r- o o a ON r> o O VO o in o
1




3 r- r- o CO f* o co r- o
o o o o o o CO u u o o o o o o o o o
i-i oo CO o in ^ r~~ CN in C
§
\D rH ON rH CN r*- >-t ^ >o ON CO H CN CN ^* ON rH
r** on ^h ON CO m on vo Tf r* O m On o ri CN m on r* VO rn m on p- rH CO m on
^H ^ •** o f-i CN in CN -H 3 rH rH 13 rH T-1 \o in <-t o r- oo m o rn 1-i
14 O O o o o O o O N C c C O o o o o o o o o o l-i rH o


































ul o nj •rH o O o O o o o o o o o o O o o o o o o
>> a a a 1 1






rH II f-H ON r- r- rH Vf> vo rH ro ** vo CN ro in o tn ro ^ o
ON <» CN •<» r^ ^ 00 (N rH CN m CO ro CN in in en (N in ^
00 01 3 a rH *» o <* rH -* <J\ "» rH in m O rH <* in o rH ro inO >1 a T3 T3 O o rH rH O rH ro O o o o O o o o O o o
5






CN O o O O o O o O O o o o o o o o O o o
^H a 0. a 1 1 1 i5 U u U
ro o
E
rj>r* O 00 CO vo o CO ro rH O r- a\ CN o r** ro vo o in ro
i o CN in CO o U> vo ro o tn CO o in in en o in ^»3 CO 3 -i T3 o ^» o <» o ^ <T\ <» o in in O o <» m o o ro ino 3
a
C C c o o rH rH o rH H ro o o o o o o o o o o o
c c r-<





a 1 1 1 I 1
in o in (N r- o in o in o ** *» o o in CO ro o CN r-
o o rH CO Cf* o rH •^ in o vo o *» o vo vo O o vo in







a c o O *"1 rH o











o O o o O O o o o o
I
o o o o
1
o o o
ro ,Q in in o r- ro o ro (N in vo CO r- ro rH ro vo t- o r-
o ro en *» r- rH <J\ CN rH vo rH *# o r- ro *» CO CO m ro
in CN vo o Ul •^ ro r^ rH o -^ rH rH o ro rH rH o
o c N
3 ^* u









o O o o o o o
1
O o o o o o O o o O O o
1
o rH r-t CN en in CO m ro rH vo *» CN vo vo *» CN in rH on ro
CN o in Tf rH u> <j\ r- CO o\ in <» r- o r- ro CN CN 00 ro
rH II in ro rH ro r-i u> ^ cn rH rH o CN CN o CN CN rH OO
01 T3 -j ^H
3 o O O o rH o o o O o o O o o o O O O O
O
a £ r >a o O o o O o o o O o1 o o o1 ot o o o1 O O
•U
a
in ^H <* ro on <N ro ro o ro «» o in VO vo en ro T» r-t o en
CJ o
^
ro O vo Is" CTi CTi o CN rH CN o o <* vo CN CN en CN CN
vo r- CN "* ^ \£> VO o O o r- r* r- o r- r- r- o CO r-
ON
-s
o O ON Cr, rH o <J\ Cft o C?\ on ON o en en en o en cn
a 3 rH .-h
o X X o o rH o O O rH o o o o o o o o o o o o o
> > >
o
ro CO CO vo ^ ^ ro r* CN a\ <T\ ON CN CO ro rH CN r- CN en
in II m r- rH rH U) CO *» ro r- CO VO CN ro 00 CN r* CN VO CO





ro ro r> O CN ro vo o in *» O en in ro a\ en in ro en
S. .c 4J O O o rH O O o rH o o o o O o o o o o
u 0. a > 1 i 1 1 1 1 1 i 1 i
o
H
(N 3 CO rH CO O cn •*» o CN r- ro rH CN CN VO VO m r- *» r^
r- CO <7\ CN r* r^ r- o r*- co CN *» r- CN ro p- o HI ro
CN 10 rH rH CN rH CN rH in ^ CN CO rH O CN CO rH o CN CO i-H o
o 3
s




















CN o CN en o en in ro CN vo <* CN CN <* ^» CN in en en ro
r» X CO in •** r* r* <T\ r- r- ro in <* r- ro p* ro r- CN CO ro
CN Q 3 on ro rH CN <7\ vo ^ CN o rH o CN O rH o CN o <-i OO T3 3 ro o o O ro o o o <T\ o o o cn o o o en o O
O C-rH >i £ £ a CO o O o co o o o
1
a\ o o o en o o o en o O
o vO o KD rH ro o in o <7\ o CO CO in o i-i m r-












rH o o o o o CN O O o o o O
1— •H
If)
CO o .X rH r- o o CN r- rH o ro *» rH o ^ r* vo o in CN rHo Vj ro ON ^ o ro Cft r- o ro in *» o ro in o ro ^ vo






3 CO r- o CO r^ o r- r* o r^- r- o r-* r-
o 01 O u o o o o o o o o o o o o o o
N G (5 § CO
cr\ ON vo in cn en rH in vo CN CO *» m CN ro CO in o m •«* co TJ o
CO en u e TJ vo CN <* r- *T \0 00 rH CT\ in *» in CO ro m ^3? m m en in -a> in ^
p* co
-H 3 rH rH XJ *» o ^ <* o\ ro f~t in m O ^y in o ro in
r> o o N c c c O o H rH O rH ro o o o O O o o o o o o
2 •H c W 10 w
93
U) in 3 *-* ^
3 3 N Ul to o H o o o o o o o o o o o o o o Si(^ h- C M Cn o Cn H Ul o i- l-» \£> CD h» Ul cn o Ul Ul to I-* (-•
=1 O cn u» U> *k ui ~J CO CO *». t_n U) o U) iCk Ul ^o cn -J *» Ul Ul -J LJ <k. Ul ^
Dl 3 cn to CO VD >-• CO ^ CO CD Jl £- ao -o M to co cn -J —' *i CO Ul
3
n n (t) o o O o o o o o o o o o o o o
ET =r a
c H- c H* C o -J CO o ^1 CO o •o CD o «J -J o •o -J
-0 o -O o Ul to o cn o o -o VO o -o CO




U) Ul Ul Ul Ul
3
S *: o o to o o o o I-1 C\ o o o ^J o o o to o
X X X
I-1 M c o V£> o CO o V£> o o \o o o o ^D \o -o o u> o
o C\ to <b. o CO o cn o CO o CO o 00 <x> o o \D Ul o
o u» <T\ CO o o ^J CO o Ul to ^ o oo CO vo o o Ul o o
o o ui o* o CO \D u> o ^> to o Ul Ul CO o M -J o
1 3 >< 3 o o
i




o o o to o o
1
o v> o o o to
1
o
c a o o o vo o o o >XI o o o ^o o o o ^o o o o VO o
C (D to Ul -J o to M Ul o to o to o to o to o to o to o to
X -J to £t to -J o\ CO to ^J CO CO to ^J £* u* to ~J Ul o to ^J




























N N NM c o o o \D o o o to o o o to o o o \D o o o VO o
t— B to «k C\ -O to t-» U) -o to o to -o to o I-1 -J to o ^J to
-o £* H1 Ul -J ** H Ul -J -o to cn -J «k. oo CO <1 en to ~J
ct
o
m O* Ul v£> Ul CO H Ul Ul Ul CO -o Ul -J -J M Ul Ul *k. Ul h-1
< 0 •0
D





rr rr rr 3 H o o O o o o
r-» o o o o o o o o o o o o
c <D ID a
H* c o ID O cn £» to o -o Ul Ul o ^J Ul *». to 00 Ul \o CO Ul VO
00 o o o to M £> ^J o 00 to en to «k. to to CO \0 Ul cn CO
II o -J w £k 0k *». Ck. o cn CO to cn cn cn o cn CO Ul to Ul to
O




X g o o I-* o o o H o o o M o o o o o o o o o ot— 1— c & a IS00 CO o M to U5 o o *c \£> o o to \£> \o o to *o V0 o VO
&
V£> to -J CO *k ^ to -o Ul Ul o Ot cn cn \D to -J »J CO -J S2
cn u en to Ul *. to CO 10 <& en cn cn cn en ^£1 -J cn to F,
ID






i5 o o o o o o o o o o o o o o o o o o o o o
rr H a D
c >< I-1 o o M o o o o o o o o o o o o o o
II o en -4 to Ul M Ul Ul M o to Ul o o to to t-1 o to to
-o to £k -o Ul a\ CO % Ul CO CO cn CO £k Ul CO to Ul o Ul -o
to
00 to VO o VO \£> o \G ** to M to Ul cn Ul M t-l t-1 CO «o Ul
3 <N <N o io O o o
1
o o o o
t
o o o o
1
o o o o o o o o
rr M c a
H- 3 H* o O I-* o o o o o o o o o o o o o
* o» cn H» ^1 h-> Ul •^ Ul o to Ul Ok o I-1 to Ul o )-• toO oi Ul O I-1 ai H •o to CO to Ok Ul CO «k, to tk cn o CO
£* Cn CO to o to o <X\ cn Ul £fc \o Ul o Ul cn l-» Ul to to Ok o
^
A 4) A o 1 i 1 I 1 1 1 1 1H t-1 ^ £ O o o o o o o o o o o o o o o o o o o
H- H- h»- to CO
3 rj 3 w to M o I-' H» o o o o o o o o o o o o o
a C II •o t-» Ul o Ul H-* •^ o \o CO M o cn cn o o Ul Ul to o
u> •*i o vo to <T\ o Ul Ul to o o CO 00 o «k CO Ck. o
00





01 o o O o o o o o o o o o o o o o o o o o o
3 3 3 s
3
u» to M o M I-1 o o o o o o o o o o o o o o o
c -J I-" £> o to CO I-1 o Ul en o o Ul
o CO l-» o CO o 00 o Ck M Ul o UD en -0 o £h -0 o
Ul -J CO o Ul M to o cn to Cfc o Ul ^1 M o o Ul *
O o o o




o o O o o o o o o o o o o o o o
3 3 3
g ui to I-* o !-• H* o o o o o o o o o o o o o o o
O. C to cn Ul o t^ l-» \o CO H Ul en o
*» Ok to -o U3 CO to Oi o Ul to >£• en -0 to Ul
II ** ui o Ul fr o Cfc Ul o cn * Ul (-* to hJ CO
3?






o o o o o o
1
o o o o
1





o o o o o 3 3 3
1— I-* ** a h H- C
O -J ** -J UJ o -J 3 3











Ui o ^D m Ul
(O o o to




CO o v£> \D o h-* l—1 c
00 o VO ^o
i_n o to Ul o
Ul o o £» vo
M t , H1
(O o o o to T3
I 3
v£> o o o U) 3 h^ c
H* to H Ul h-1 c
H "J CO Ul to





O o o o o
f N N
tf* o o o £i 3 H c
U5 to M to \o
£* -o o\ CO en
Ul 00 -j to •o
< a TJ





*>. \o CO £* ** h-
'
C
M CO Ul H M
O Ul o H» UD
to ui \o Ul fe
< < <
o o o o o rr X X
c
o <4> «> KO o
H -J -J CD oM en Ul to <T\










o o o o o c
un to M Ul Ul









o o o o o r-1
*v Ul t-* to *^










o o o o o H I-1 H i
h* h* H- W a
o o o o o 3 3 3 o
o H Ul Ul o a M c II









o o o o o B CO a aH M 3 3
o o o o o 3 3 a X c
o H «fc Ul o a H c















o o o o o a a a •< 3
o h-» *i Ul o a h-» c a














2 o o o o o o o o o o o o o o o o o o o o o o






in •*r r- in rH in p* 00 vo T* r- m on m r- o ON en en en m ^ on in m
10 on rn 00 r*l r- m 00 vo cs cn 00 CT\ 00 00 00 r» O P- \o -^ r*- CM <0 o p-
CN (N o in •** o o r- r- o *r o in o ON m CN o m m O o




O o O o o o o o o
1




o o o o o o o
a
E
s CN CO 10 o V0 ** CO o CO cs o o rH rH cs o o <J <» o o in in o vo 00VO ON rn o rn r^ rn o V0 m o o on O ON o ^ VO o o in f» CM o o p-
a.
CN ** CS o rH m *» o o r- CO o «» rH in o ON m m o m m o o cn rnO o O o o o o o o o o o o r-i rH o rH CM Tr o o o o o o o
O o o
I












O O o o o o
1
o o o
m r- CM o o cs cs o m o m o o 00 CO o CM m in o in p- CM o rH p*
p- cm in o in o in o in u> rH o r-» cn o o in 00 m o rH CO r* o P* 00
CN in (N o iH VO -<» o o r- CO o *» rH vo o 00 <» o ^ ^ o o m «»O o O o o o o o o o o o o rH rH o rH CM *» o O o o o o o
O o O o o o o o o
1
o o o o O O
1
o O O o
i
o O o o
1
o o o
O 00 •<* cs CO <* CO p* on r* rH rH on CS o V0 CO CO in rH on CM ON in ^j rH
CD \o (N in CO vo m p- o vo en o vo m CO o CM p- CM *» o ^* m rH CM
CS rH in -*» cs rH in ^ m rH in 10 ro CS r* m P* in lO rH VO in o rH vo inO o o o o o o o o o o o o o o t-t O o rH rH o o rH rH o o
O o
1
o o o o o o o o
I
o o o o o o o o
i
o O o o o O o o
i
i-t CN CT\ vo CO CO ^ o cs CO cn o cn 00 r- cs rH rH 1-i cn H CM rH V0 o V0
to p- io m 10 10 in 10 CO r* vo o \o m m rH P- ^ on io \o o CO in vo ON
cn CN in rn rH cs in cn r4 cs r* ^f CS «» in co \o CM cn r- 10 p- rn r* in
o o o o O O o o O O o O o o o rH o o rH rH o o o rH o o
o
1























5 Cft 00 rH T-\ rH rH m o cs cs m en CO m rH cn p- *» lO ** p- rH *» CO cn o
"1 in •^ in rH CS ft rH a\ cs m 00 CN ^> in cs o CO CM o p- 00 rH rH ON CO
5>
CO r* r* CS cn r- r- m o v£> vo r^ (N *» *» rH a\ p* CO o p- r- CO O P- p-
o on on on O en en cn o o cn cn o o en ON CM o CO CO o ON cn on o cn cnw o o o o O o o o rH o o o rH o o O rH o O o
1
o o o o o o
vo 00 cn on cs cs rH O cs •^ m m r- in r- 00 vo io in o *» lO rH p- 00
t*i rn vo CS t-i ^ rn O CO GO rn CO o 00 ^ 00 P* \o \o ON m ^» CM 00 vo "»
<T\ o CO on CO r- en vo r- m o on ON CO cs vo cn o cn cn rs lO CO cn o •o
























m (N (N TJ o p* <-\ <* on ON to cn *» cn in rH CO o CM cn io in O CO in
00 vo 00 CS on in CO o o in r* 00 ^> rH 00 ^O o in CO on rH CM CO r* rH rH
CM cs en cs rH cs cn m cs CO m CM cs CO p- in CM in VO in CM m VO in
o o o ^ o o o <» o o o ** o O o ^ o o o p- O o o p- o o






















.H CN cs *J CO CO r-i O cs CO v£> \o m CO in r* rH cs *f rH CM in ON o VO
VO r* CO V0 10 CO r-i CO r- r- o <^> m 00 o P- ^ 00 r* lO o CO 10 VO ON
rn cs rH m cs rH rH cs ^» cs cs 00 vo CM f-t P* 10 CM rH r* m


























r- p~ o CO on m o O in in o o CO on o in CO o in o p- o cn CO vo
*» o on vo O o "* o r-* o CO p* o o CM o 00 rH m o en rH m
en cn o ffl on on o on o 00 o ^> o 00 o O m in o CO ON ON o P- en on
on on o p» on on o in o cn o *» o on o cn o on o m ON on o ** cn cn
o o o en
m




r-i o o vo
m




tn CM o rn 1~H en o *» m o o in r- m o vo P- <<D o r- CM r- o 00 CM vo
CO o in *r ^ o in rn 00 o in cs cs o in m i-i o in in •^ o in p- t
CO r» o on r- o o \Q o CS in o ON o o CO 00 o 00 00
?fi
p* p- o r~ p» o CO r- o 00 r* o 00 r*" o r- p- o r- p-
w o o o o o o o o o o o o o o o o o o o o
p-
in T \Q <r lo o m r- r* CO m m ao ^ m r- o ON Tji rH o cm cn CO •<» rn cn -*
VO ON m r- a m r* m r- o 10 CN en p* o en 00 CO p* o l£> CO in 00 00 ^» p~ cs CO CO o
cn •*r cs H rH in tj H o r^ r- <-i t» o in H ON CN CM o rn m o o m
n o o o O o o o o o o o o o rH ^-i o rH CN » o o o o o o
5
97
Vi </> 3 s
o o o o o o o o o o o 3 3 3 N o o o o o o o o o o &>
OA o fe H o Ul M o a C I-- UJ NJ o o NJ 3 O UJ
00 C\ CO CO r-» H CO CO *x> CO 00 00 a 3 n LO en u> OO CO VD en ~J CO CO -J ~o --1
Ul \£> Ul 00 -J en U> ~J Ul o ui en s a 3 Ul ^D fh Ul Ul en UJ O *k




o o o o o o o
<b
-J CO o -J ^J o -J •o c c H- #. o -J ~o o -J ^1
-J o o 00 U0 o CO KD TJ o CO *oD o oo 00 o




UJ UJ fk e>. £>>
o h-1 CO o o o «? o o o o
3
*: t. o o o H1 o o o NJ o
X X X
>-o o \D o vo y£> CO o ^o *£> -J w c o >J3 V£> en o V£> v£> Ul o
00 o o \£> VO £k o <£) »JO Ul o VX5 <& en o <jD *£> ^]
CO o -J o NJ Ul en o Ul Ul £* o Ul Ul u> o U) NJ t-1 o











o o £h o o o t* o o o *ta "0
4 1 K 3
o o o iC o o o Cfc o
o o *k o o o £*. o o o *k t-< c a o o o Ck o o o **. o
Ul *J NJ Ul -J I-1 NJ Ul -J (-> c CD NJ Ul ~o H NJ Ul -J NJ

































o o o (-• o o o H o
o o -J o o o •J o o o -J M c o o o ^1 o o o -o o
Ck Ln *k nj £* Ul £i NJ £> en Ck H (0 NJ en Ul NJ Ul en Ul NJ














NJ l-» \£> NJ NJ
1
00
o o o o o o o o o o o rr » 3"
a
o o o o o o o o o
c ID a
en «fc> H* U3 en ^ NJ V£> en £* NJ c o vO -o c NJ \o ^J <£k NJ io
** *> \o *^> en tk H1 \o CO en NJ CO o ^1 Ul 00 NJ oo Ul CO
Ul Ul CO t* CO \£> CO o 00 o -o II 00 ^3 <Ck en en V© en
<^> o VO NJ Ul 00 Ul Ul £>. en CO
< < <
o
Ul NJ M NJ U) o <Ck en CO





u» o o \o \o \o o \o ^o VO o VO *£> VO o vo >x> \o o \D
*k
-J -J 00 M 00 -0 00 o &
oo -J oo o CO -o 00 o CO
Ul *» H CO Ul VO £> o CO Ul ^J I-1 00 Ul £* w 00 M NJ H*
t-» o o Ul CO CO o CO o 00 *0
ID
rt




o o o o o
1










o o o o
1
o o
o o o M o o o c < o o o t-1 o o o l-» o
-J K) -»J Ul -J NJ o Ul -o Ul II -J Ul -J U) -J Ul -0 Ul -J
Ul NJ NJ Ul Ul Ul Ul o en on en Ul -J 00 on «k -J
Ul
I
CO t-» NJ Ul
1







NJ o Ul o
1
en Ul CO
o o o o o o o o o o o < NH
N
c a
o o o o o o o o
'
o tr-» o o o M o o o I-1 M N 3 M o o H I-* o o t-* M
** o \£> ** Ul o \o Ch on o o Ul en t-» o Ul en H* o
en 00 Ul 00 oo o CO o o o •-» NJ o
u> *£> to o o \o o o en Ul CO
CD
1
«k. Ul \i> NJ H* o 00 Ul -J
1 1 «
n
TJ 1 1 1




o o o o o o o o o
o o o o o o o o o 3 3 3 o o o o o o o o o o
-o Ul Ul M o to tk to o a »-• c II I-1 <c* o
to -J o Ul oo Ul o -J -J o o -J o
U) \o o Ul *£> en o M Ul *» o
00
Ul en l-» o
n n o
1 1 •o •n T) 1 1
o o o o o o o o o o o n CO 01 a
X
3
o o o o o o o
o o o o o o 3 3 3 o o o o o o o o o
I-1 Ul £* l-» o H* Ul H1 o a f-1 c § M Ul NJ o o Ul NJ o
NJ Ul (-• o \C 00 i£> o Ul o





-o NJ Ul o Ul o Ul o
1 0 •0 1





o o o o o o o o
o o o o o a a a K 5 o o o o o o o o
Ul <£k H h-» u> H* o a t-^ d w Ul NJ o o
Ul «£> 00 VO en w ^J Ul en \o en en
CO en to **. £» o v£> II en o Ul KO CO
n
<Q
o n o CO m
"d Tl T) -*




v« o o o o o m o lO <T\ C^ in
>. - 1 1 1 IN CO in fO <T\ in o vo r~
ID rH Tr M O •f *» o *» rr o
n CO O o O O O o o o o O
o 5 N o o o N O o o N o o o N O
E
o
r- a\ co in ro E I 1 B 1 i S i 1 1 B 1m vo o vo r-
00 O CO O CO
"~ o O rH fN ro
3
o o o o o o
r~ o m in VO rH in o *» CTV
nj r* in r~ r~ in CO vo CO •«* p*
h *» r~ (N 'i Cr, *» o in VO en
Z
rH in ^ o in in o in in o
CN O ** fN VO o o o o o o o o o o
vo O CO rH C*
i 00 o r- rH 00 >» o o o >. o o o > o o o >, oo O rH (N m 6 1 B 1 E E
E
o o o o o
Q. 1 1 1
01 in vo tn Cr, vo VO I- o CO
(N o r- o r- m r*l CI (N ^ CN vo ^ CO
<T\ o <» o\ m vo VO OV VO »» CO in o *»



















en vo co r- r- *» vo r-i vo in <Jk r-i r~ VO
o rH O O rH <N <y\ r~ CO CO Cr, in CN r-
*» rH p- rH IN O o CN rH o
o o o o o rH O rH o O H rH o rH rH o
1 o o o O o O o O o o
N o o o N O o O N o O o N o
u 1 VL-I 1 Vi-I i KH
fN in r* co ^> M
tN co m cn o u
r- CO o CO ^
o rH rH O .H
o O O O O <3> in ON *» VO ^ CO ro in CN CO
1 1 C in o\ Tf in p* rH T CN CO CN
m <Tl VO r-i o o\ o o o\ o
Vh o o o o rH O o rH O o
O o o o o O O o O O o
i£ 4H
L/l t» o vo in >1 o o o >1 o O O >. o O o >1 o
5
£
in rH o co in (<J vw 1 <U 1 <H 1 IH
vo ON CO CO C^ U
o
rH O CO CO




S o o o o O O o o o o
s o o o o o O o o o o
o o o o o o o o o o o
in vo cn co r» E o o o o o o o o o o
CO fN ** VO CO o o o o o o o o o o
o P-I VO CT\ CO




o o o X
IH
o o o X
VM
o o o X
H-l
o





<j\ \o r- fN vo in in in rn m m » ^ ^ CN
CO fN m rH CO in in in rH rH rH p" r- c^ VO
<N ^» co r- (N vo VO vo O O o VO VO vo o
o r- o o o en Cr. CA r» C~ r- <» *r *r IN
IN (N IN m in in CO CO CO rH
o rH o o o ifl IS nj D
1 rH 1 1 • o O o • vo vo VO a (N CN CN i Cft
In *r <* <* u n f> m H m CO en H CN
fl 19 «s a
cr. co r- co vo
CO ^* in fN co
(N H O CO fN
o "» rH O O
o
1
** O O O
rH (N m •>»
o *» m co o
o en r^- rH o
o fN fN vo O rH
o O O Cf\ o
o CO rH O O
C u (J u o
if) I
cH o T ^ vo o 6 M u u uVO VO fN O o o
CO rH O £ 14-1 VM vw vw
3 co r- o
i-i M w U) «
o o o o H rH ^-i rH
IS
^ eft m co *» rN fl fl 10 CO
in CO co o*> ^ *J U t> JJ t-l
CO o r- o co XI
td o o rH fN m u u i-> u
2 • rH O CO in r- OV CO o> CN CO in
99
v*> ID *> to 0^ Ci a\ to tCk 00 Ul to K
n rr n rr rr CU
o o
n a rr rr rr
->la u bj pi Oi
t-1 1— \-> t—
W w Crt Cfl w
^
Ml Hi Ml i-h c>
o o
l-I 1 t-1 H( n UJ
Ol
3 n o o o -A
(0 o
rr M- H M 1—
£ c c c p
1X
00 -J CTi Ln
to to 0J 01 n EM 0i
H t-» M. H H H T >1 tO tO to n to to to M to to
00 oo
ft




(-* H» !"* ui LH Ul <D
0i
t0 M3
o o to to to 10 v£> IO en o\ CT\ *h itk £>. (-• t-»
i£i lO to to to Ul Ul Ul -o -J -J o o o to to
C ** 00 oo oo <h ^ fei Ul Ln Ol M o o












O o X o o o X o o o X o o o X o o o X o o
o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o













*< o o o *< o o o >< o o o ^ o o o *< o o
o o o o o o o o o o o o o o o o
o\ o o o o o o o o o o o o o o o
to u> Ul o Ol Ul o 00 -J o «£> 00 o \£> \D











o o N o o o N o o o N o o o N o o o N o o
o o o o o o o o o o o o o o o o
~1 o o o o o o o o o o M M o H* t-»
00 (O fe <* o -J 01 *-* \o 00 M t-1 o o H* M
Ul
-J o\ to £k 10 \o o oo -J M o H4 00 o>
-0 to -J to Ul -J Ul Ul
1
£•> o «* o to 00 Ln M
M o ^ o o o j< o o o o o o § o o o ^ o o
,_, l-» o M» H» o H* H* o I-1 H o H (-•
-J ro M» o M J ^ to 00 <X\ to 00 o\ l-» en Ln
o to M o to 10 to -o Ul H -J £fc 00












o o *< o o o >< o o o K o o o k; o o o ^ o
ui o o o o o o o o o o o o o
o to M o Ul to o Ul o Ul *i o Ln
U>
-J to rf* iJO Ul Ul -J en o £* Ln















O o N o o o N o o o N o o o N o o o N
to o o o o o o o o o o o o o
<£> M I-1 o to to o Ul Ul o *k Ul o
Ul £ 10 *k £> o\ t-> Ul M ~J «fc
O LJ ^1 ^] \c M ~J U> a\ Ln H1 00 to o\
5J3
100
s T* m o ^* flj .,, ,H -H O O o o o o o o o o o o o o
3r CO m m CO a a a 1 1 1 i 1 i 1
2 <D en o ON ON CO u U U
Q. <? (N o (N <N
3 £ O o o O
1 1 n *» r* CO rH ^ in f^t CO ** <7\ *» in T» o*\
m fO CO (*~t vo ON CN m CO ^F m
w 3 TJ Ol •^ ON ^ CN CN r- m CN m in <N CN
>. TJ T> TJ o o o O O O o o o o o O o o
3 g c C c C
lfl (N OJ <N o o o o O o o o o o o O o o
^H a a. a 1 i t
<$ p- r* o p- u U O
m ' <» CN (N ^ u
E p- ** m r-m o m m In
2; m o m m a> o Cft CO ON o vo o «» o o r- 00 o
>1 o m fN CO o VO o m o ^» CO ** o in
S o £ o o o 3 rH T3 o <* Ot *» o <N CO in o m m CN o ^X C c C o o o o o O o o o o o O o o
c c c: ^H5 BO a to o o o o o O o o o o o O o o
a





CO fN in CO o rn o rH o CO r- ON o in ^» ON o ON
ON in ^ on o CO in r- o P* in r- o ^ rH VO o in
ON (N p» on II 3 f~\ n o *» o m o CN CO in o m VO CN o <»O o o o o C c c o o H o o O o o o o O O o o
U> Ul H •w •H
o rH 5 i-i rH ^( o o O o o o o o o o O o o o
o D. & Q< i i 1
M u U U
M
<D
(N Cri m CO in ON vo (N 1-t (N ON m rH vo
m p- in rH r- O vo ^ r- rH in in ON p-
ON ON r- on m vo vo CN r- ^ m CO m tN rH in O o
in p- m in C N ^H «H o o rH o o o o o O o o O o
:
:
: in (N CO in T3 3 rH JJ




o o o > > a 1 1 1
o o o o
<J\ rH CO ON m in CO CN CO rH p* 00 VO vo
o r- m vo *» <* ON O o CO CN vo P- vo
'
'
II rH in in vo VO m CN rn m rH rH .H o o
>, 3 rH o o o o o O O o O O o o o
a> T3 p rH JJ
CO p- vo CO
&
>, £ > O o o o
o o o o o o o o o o












o o o o cn rH rH ON m m o rH CN vo in p- o TJ"
i XI m ^* o m VO in ON O CN CN o o CN p*
3 (N r^ in in CN 00 in vo rH CO p* p- O p-
3 O <T\ <T\ ON o ON ON ON O ON ON ON O ONT3 3 rH -H
X X U O O o o o o o O o o o o O o
> > > 1
VO o in VO
o o o o o
o o o o
o o o o o o o rH rH CN o r- <* m ON o in m
o o o o II rn vo m 00 CO m in vo VO •<* P- m ON in
X CO Cri r-\ r- in m ON CO o o CO rH vo




m O r- ON *» o in ON in o in ON in ON
X rC JJ o rH o o o rH o o o rH o o o o




m rn <^l m 3 p* Tf rH CN CO CN VO •<» 00 VO CN ** ON -H
p> r- r^- r- o in CO ^* CN in rH in CN in rH in CN in CO
o *» *» w CO vo vo CN CO *» m CN CO CN CN CO o
on on ON ON 3 rH c CO o o O CO O o O 00 O o O CO o
o *T3 o O O N N N
0) 3 3 a m o o O m o o o m o o O m o
CO i-i CO CO CO l 1 i i t i i
rH TJ .-I rH rH <N
CM CN £N cn
r- rH CO CN in in CO -<* in rH p- *» rn vo
X <T\ r- m CN ON «» ON CN ON CO CN CN Cr, vo
>H <D D •** m in CN ^ m CN CN >» rH rH CN -<* o
*J -o 3 >-i <T\ o o O ON o O O ON O O O ON o
Wl cH >i £ $ a fN o o o CN o o o CN O O o CN o
1 ) 1 1 1 1 1
w
»h rH in ON o r~ CN <» o *» VO rH o r-
o O o\ m o ON ^» VO o CT\ m O o ON CN
5 m CO CO o m ON CO o CO ON ON o rH ON
u 3 ,-{ ,—
i
c^ a\ ON o m ON ON o r» ON ON o CN ON
<l) X X X
c 3 5 m o o o rH O o o CO o O o VO o





ci ^4 E .* in o ON o vo m in o P* ON m o CO oo o u \D r-l o o vo CO in o vo ^ t> o VO o*~
14-J B O a 00 VO o CO vo o CO P- o 00
i 3 3 3 r- r* o r- r- o r* P* o p-
w u u XI x:
o oj o u O o o o o o o O o o
(TJ HJ c Tl CN VO vo *j» p" m vo m vo *y vo &\ m m in vo
r» iJ u g rH Cri m rH r- rH ON vo ON CN rH OS m CO rH on
o 01 r-l 3 T3 ^H r-l -^ CfN ^ rH rH CN r» m rH rH m in CN
3 N C c C O o O o O o o o O o o o o




1. Epton, M., Magnus, A., "PAN AIR - A Computer Program for Predicting
Subsonic or Supersonic Linear Potential Flows About Arbitrary Configurations
Using a Higher Order Panel Method", Volume I - Theory Document (Version 3.0),
NASA Contractor Report 3251, Ames Research Center, Moffett Field, CA.,
March 1992.
2. Bertin, J. J., and Smith, M. L., Aerodynamics for Engineers , 2nd ed., Prentice-
Hall, 1989.
3. Anderson, J. D., Fundamentals of Aerodynamics , 2nd ed., McGraw-Hill, 1991.
4. Saaris, G. R., "A502i User's Manual-PAN AIR Technology Program for Solving
Problems of Potential Flow about Arbitrary Configurations", Boeing Document
Number D6-54703, Boeing, February 1992.
5. Cenko, A., "Determination of Correct AIWS Carriage Loads", Report Number
NAWCADAWR-92095-60, Naval Air Warfare Center Aircraft Division,
Warminster, PA., June 1992.
6. Cenko, A., Tinoco, E,, Dyer, R., DeJongh, J., ''PAN AIR Applications to
Weapons Carriage and Separation", AIAA Paper 80-0187, 18th Aerospace
Sciences Meeting, Pasadena, CA, January 1980.
7. Cenko, A., Talbot, M., Piranian, A., "Analysis of the F-14/GBU-24 and Wind
Tunnel Test", Air Vehicle and Crew Systems Technology Department (Code 6053),
Naval Air Warfare Center Aircraft Division, Warminster, PA., December 1995.
8. Johnson, F., Samant, S., Bieterman, M., Melvin, R., Young, D., Bussoletti, J.
Hilmes, C, "TranAir: A Full-Potential, Solution-Adaptive, Rectangular Grid Code
for Predicting Subsonic, Transonic, and Supersonic Flows about Arbitrary
Configurations", Theory Document, NASA Contractor Report 4348, Ames
Research Center, Moffett Field, CA., December 1992.
9. Keube, F., "Low Apsect Ratio Wings with Small Thickness at Zero Lift in
Subsonic and Supersonic Flow", KTH-Aero TN21, Royal Institute of Technology,
Stockholm, Sweden, June 1952.
10. Hermstad, D., RAID User's Guide , NASA Ames Division Federal Systems




1. Defense Technical Information Center 2
8725 John J. Kingman Rd., STE 0944
Ft. Belvoir, VA 22060-6218
2. Dudley Knox Library 2
Naval Postgraduate School
Monterey, CA 93943-5100
3 . Chairman 1
Department of Aeronautics and Astronautics, Code AA
Naval Postgraduate School
Monterey, CA 93943-5000
4. Dr. Max F. Platzer
Department ofAeronautics and Astronautics, Code AA/PL
Naval Postgraduate School
Monterey, CA 93943-5000
5. Dr. Kevin Jones
Department of Aeronautics and Astronautics, Code AA/Jo
Naval Postgraduate School
Monterey, CA 93943-5000
6. Dr. Ismail Tuncer
Department of Aeronautics and Astronautics, Code AA/Tu
Naval Postgraduate School
Monterey, CA 93943-5000
7. LT Matthew LeTourneau











3 2768 00322908 9
